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Water is the most important entity for life and therefore is a universal fact that life 
exists on earth because of water. Water is a marvellous substance flowing, around 
obstacles in its path and constantly moving from sea to land and back again. There are 
evidences that suggest that life originated in water and migrated to land during the 
evolutionary process. Water is the medium in which all living processes occur. All 
our daily needs are fulfilled with water. We use water for irrigation, industries 
domestic needs, shipping and for sanitation. The major use of water is by agricultural 
sector. The agricultural sector itself claims about 69% of total available water globally 
but in India, it was about 93%%. The main source of water in India is rain and about 
400 million hectare meter/year is added by rainfall. Water resources are developed 
primarily for irrigation, domestic use, power generation and industrial use. Water 
requirement for irrigation the highest among various uses of fresh water. Current 
estimates put the potential irrigated area around 106 million hectare out of which 72 
million hectares is irrigated by ground water resources. 
Industries are very much dependent on adequate water supply. The quantity of water 
used by industries varies widely. Major water user industries are steel, paper textile, 
chemical and petroleum refining. They account for nearly 80% of Industrial water. 
Major source of pollution of our water bodies is industrial activity of which 70% is 
contributed by large and medium units and 30% by small scale industries. It has been 
observed that the pollution load contributed by a small scale industry may be equal to 
that contributed by the sewage from a large city. Domestic water requirement vary 
from season to season and from rural to urban areas. The per capita consumption of 
water has been found to increase with the standard of living but the per capita water 
use has declined in many cities as a result of tremendous growth in their population. 
The world is facing increasing pressure on water resources and widespread water 
shortage in many areas for three reasons namely increasing demand, unequal 
distribution of usable fresh water and increasing pollution of existing water. Due to 
limited availability of freshwater and the impending shortage, the basic attributes to 
the problems of disposal of waste water is rapidly changing. As long as the human 
populations were small and communities were scattered over large areas of land, the 
disposal of wastes created no problem. The problem took serious concern only due to 
multifold increase in the population. The flow of domestic and industrial wastes into 
the aquatic system has caused damage to the water resources to a larger degree. Thus 
emphasis on the treatment of sewage and industrial wastes for purification was laid 
down. In this context Cledh Water Act was established in the year 1972 a National 
Pollution Discharge Elimination System (NPDES), which required an easily revoked 
permit for any industry, municipality or other entity dumping wastes in surface water. 
This act helps to save water from addition of wastes and only 10°,% of pollution and 
wastes came from industries or municipal sources. Besides such acts and limitations 
addition into water bodies is still a control practice in many parts of the world. 
Sewage waste is biodegradable and valuable source of plant nutrients (Overman, 
1979). It could be potential source of fertilizer, if they were not contaminated with 
industrial wastes (Shahalam etal., 1998). 
Although waste water enhanced the growth and yield of crops, it may lead to 
accumulation of heavy metals (Maync et al., 1983). Plants develop certain strategies 
to reduce the adverse effect of ingredients present in waste water. Normally the 
damage caused in the plants by pollutants are mainly through production of active 
oxygen species under unfavourable conditions of plant growth. This active oxygen 
species includes free radicals, hydroxyl ions and active oxygen (Eistner, 1987; 
Mehlhorh et al., 1987, 1990). Plants in response to active oxygen antioxidants, 
enzymatic or non enzymatic. These antioxidants quench the active oxygen species and 
release the plants from stress. One of the best methods of pollution control, as 
recognized today, is to recover the waste and treat it as a source. Land application of 
such wastes can make the crops grow better due to the presence of various essential 
nutrients, and also improve soil quality. Recent researches have revealed that the land 
will filter upto 99% of nutrients in the effluent safely under proper management, 80% 
of the effluent water percolates down to the ground level and frequent harvesting of 
crops improving renovation. 
However, the usefulness of wastewater is limited by its excessive content of certain 
heavy metals. In some field experiments it was shown that such irrigation has twin 
effects, i.e. promotion of growth accompanied by the deleterious process of heavy 
metal accumulation in edible plant parts (Veer, 1985; Chu & Wong, 1987). Compared 
with the untreated wastewaters, the treated wastewaters seem to have less deleterious 
effect. The wastewater should be well treated and only after proper treatment should it 
be used for irrigation of land. 
2 
Even though environmental changes and environmental distributions occurred 
regularly in the earth's history. but recent past witnessed an unprecedented and rapid 
modification of environment, which overrides its natural balancing abilities leading to 
different environmental problems e.g., climate change and ozone layer depletion etc. 
The genesis of these and other such environmental problems may be traced to 
chemical pollution, inorganic as well as organic. The major component of inorganic 
contaminants is heavy metals (Adriano, 1986; Alloway, 1990). The heavy metal 
pollution of biosphere has accelerated dramatically since the beginning of industrial 
revolution (Nriagu, 1979). The primary sources of this pollution include the burning 
of fossil fuels, mining and smelting of metalliferous wastes, fertilizers, pesticides and 
sewage (Kabata-Pendias & Pendias, 1992). Toxic metal contamination of ground 
water and soil, which poses a major environmental and human health problem, is 
currently in need of an effective and affordable technological solution. Moreover, 
unlike organic pollutants metals cannot be degraded to harmless products but, instead 
persist indefinitely in the environment, complicating their remediation (Ghosh & 
Singh, 2005). Fifty three out of ninety naturally occurring elements are heavy metal, 
out of these some are having biological importance. Based on their solubility under 
physiological conditions seventeen heavy metals may be available for living cells and 
are of importance for organisms and ecosystem (Weast, 1984). Among these metals 
Fe, Mo, and Mn are important as trace elements, while As, Hg, Ag, Sb, Cd, Pb, and U 
have no known function as micronutrients and seem to be more or less toxic to plants 
and micro-organisms (Goldbold & Hutterman, 1985; Breckle, 1991; Nies, 1999). 
Heavy metals 
Definition 
All metals having the specific gravity greater than four (Nieboer & Richardson, 
1980), or five or more include all the lower members (metals) of the periodic table 
and is always used in context with environmental pollution. Only those members of 
periodic table which are (1) relatively abundant in the earth's crust, (2) extracted and 
used in a reasonable amount, (3) used in places where the public may come in contact 
with them and (4) toxic to human beings are generally referred to as heavy metals 
(Martin & Coughtrey, 1982). 
Classification: 
Metals have been classified into three classes Class 'A Class 'B and Borderline 
(Nieboer & Richardson, 1980) depending on their affinity towards different ligands. 
Class A: 
Metal ions of this class are characterized by small size and low polarizability 
(sometimes referred to as hard acids). This class includes: Li, Be, Na, Mg, Al, K, Ca, 
Fe (III) Rb. Zn etc. 
Class B: 
The metal ions of this class are characterized by large size and higher polarizability 
(sometimes referred to as soft acids). This class includes: Cu (I). Pb. Ag, Cd, Au, Hg. 
Pb (11) etc. 
Class borderline: 
The metal ions of this class are clearly distinct from those of class A but show 
increasing degrees of class B characteristics. 
This class includes: V, Cr, Mn, Fe (11), Co, Ni, Cu (I1), Pb (IV), Sn etc. 
The above classification of metals by their Lewis acidity indicates the form of 
bonding in their complexes. Class A metal ions preferentially form complexes with 
similar non polarisable ligands, particularly oxygen donors and the binding in these 
complexes is mainly ionic. Class B ions preferentially form complexes with 
polarisable; soft ligands to give a covalent bond formation. Hence the hard-hard or 
soft-soft combinations are preferred wherever possible. 
Heavy- metals in lithosphere and hydrosphere: 
Soil usually exhibit higher concentration of metals than waters because metals are 
more likely to accumulate in soil verses being diluted or carried elsewhere in water. 
Soils are composed of minerals which can naturally contain high concentrations of 
metals. The cation exchange capacity of soils allows metals to attach to soil particles 
in response to ionic attractions and accumulate. 
Soil factor and heavy metal toxicity: 
Several biotic and abiotic factors can affect the chemical speciation of metals in soil 
and thus affect the bioavailability and toxicity of metals to soil dwelling organisms. 
These factors include metal chemistry, sorption to clay minerals and organic matter, 
pH. redox potential and micro-organisms present. All of these factors interact to 
influence metal speciation. bioavailability and the overall toxicity of metals in the 
environment. 
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Persistence in environment: 
Because of their special chemical nature metals are not as amenable as organic 
substances. Unlike organics, metals are persistent in the environment and cannot be 
degraded through biological, chemical or physical means to an innocuous by product. 
The chemical nature and thus bioavailability of a metal can be changed through 
oxidation or reduction: however elemental nature remains same because metals are 
neither thermally decomposable nor microbiological ly degradable. Consequently 
metals are difficult to remove from the environment. 
Causes of heavy metal contamination: 
Metal pollution results when human activity disrupts normal biogeochemical 
activities. Sometimes a single metal is involved but more often mixtures of metals are 
present. Mining, or refinement, industrial manufacturing of batteries, metal alloys, 
electric components, paints, preservatives and insecticides are examples of processes 
that produce metal by products. Example of specific metal contaminants include 
copper and zinc salts that are used extensively as pesticides in agricultural settings, 
silver salts that are used to treat skin burns, lead which is utilized in the production of 
batteries, cable sheathing and alloys. The extent of metal pollution becomes even 
more obvious when one considers the amount of waste generated in metal processing. 
While metals are ubiquitous in nature, human activities have caused metals to 
accumulate in soil. Such contaminated soils provide a metal source from which 
surface water, ground water etc. can become contaminated. Metal contamination has 
occurred for centuries since metals have been used extensively throughout human 
history (Nriagu, 1996). 
A great deal of research has been on the toxic effects of industrial wastes which 
revealed that the most abundant pollutants in the effluents of industries are noxious 
heavy metals. Extensive research has been conducted on heavy metal contamination 
in soils from various anthropogenic sources such as industrial (Haines & Pocock, 
1980; Culbard et al., 1983), automobile emissions (Fergusson et al., 1980), mining 
activity (Culbard & Johnson, 1984) and agricultural practices (Colbourn & Thornton, 
1978). Different aspects of heavy metal toxicity towards micro-organisms and 
microbially mediated processes in soil as well as on the plants have been reviewed by 
(Taylor. 1981; Domsch. 1984 & Doelman, 1986). Generalizations regarding the effect 
of industrial wastes on soil micro-organisms, especially nitrogen fixers like 
Rhi:obiwn and Azobacter are difficult because so many factors affect the response. 
However, when a susceptible microbial population is exposed to toxic metals, adverse 
effects on that population are bound to occur thus disrupting the balance in the 
ecosystem. On the other hand, the system tends to cope up the hazardous effects of 
obnoxious agents by means of developing tolerance against the negative effects of 
environment pollutants. Hence, the whole process recreates a new ecosystem 
completely different from the prevailing before or during the transition stages. 
We have, therefore, initiated the investigation on the toxic effects of heavy metals 
with a view of the multifaceted nature of the problem. Present work significantly 
would be more obvious in the light of following facts: 
Land application of industrial wastes is considered to be the most advantageous 
method for disposal. Now a days, a serious attention is being paid to the heavy metal 
content of effluents before its land application as the heavy metals are persistent is the 
soil and would be adversely affecting the plant growth and crop productivity. 
Aligarh city is famous for lock manufacturing factories. Hundreds of small and large 
scale factories are supposed to spill tremendous amount of heavy metals into the 
sewage in the form of industrial effluents (Ajmal et cal., 1980; Malik & Ahmad, 1995). 
Our contention was to initiate preliminary work on the heavy metal pollution arising 
out of the lock manufacturing factories. The effect of heavy metals on the microbial 
ecosystem can be best described in term of the toxicity of metals of micro-organisms. 
Biotoxicity of heavy metals: 
Living plants have the ability to accumulate heavy metals from soil and water (Miller, 
1996; Boyajjan & Carrecira, 1997). The metal uptake from soil by plants, through 
their roots, to both their above ground and underground parts depend on amount of 
metals present in the soil in exchangeable form. Moreover, the metal uptake from soil 
by plants is regulated by ability of plants to transfer the metals across the soil root 
interface. Plants distribute metals internally in many different ways. They may 
localize metals mostly in roots and stems or they may accumulate and store them in 
nontoxic forms for later distribution and use. A mechanism of tolerance or 
accumulation in some plants apparently involves bindings of potentially toxic metals 
at cell walls of roots and leaves, away from sensitive sites within the cell or storing 
them in vacuolar comportment. Some heavy metals at low doses are essential 
micronutrients for plants. but in higher doses they may cause metabolic disorders and 
growth inhibition for most of plant species (Fernandes & Henriques, 1991; Claire et 
al., 1991). Even though some plants species are endemic to metalliferous soils and 
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can tolerate greater than normal levels of heavy metals or other toxic compounds 
(Banuelos et al., 1997: Blaylock & Huang, 2000; Raskin & Ensley, 2001: Dahmani 
Muller er al., 2000). 
The amount of heavy metals accumulated in soil depend on the emission levels, the 
transport of metals from the source to the accumulation site and the retention of the 
metal once it has reached the soil (Alloway, 1995). Some of these elements (essential 
elements) are required by organisms at low concentration (Adriano, 2001) and play a 
role in different metabolic functions. For example, zinc is the component of a variety 
of metalloenzymes or it may act as cofactor for several enzymes (dehydrogenase 
proteinases, peptidases. oxidases) (Hewitt, 1983). However, the elevated 
concentration of such metals adversely affects the quantitative and qualitative 
composition of microbial communities in soil including those bacterial populations 
that aggressively colonize plant roots, and termed as PGPR (Kloepper & Schroth, 
1978), leading to an altered microbial equilibrium in rhizosphere (Gray & Smith, 
2005). The enhanced concentration of metals can affect growth, metabolisms and 
consequently the total biomass of naturally occurring beneficial micro-organisms 
(Obbard et al., 1994; Pajuelo et al., 2007; Giller et al., 1998). On the contrary, the 
non-essential metals (e.g. cadmium) are not involved in any known biological process 
because of its higher mobility and bioavailability (Mac Laughin & Singh, 1999). 
These metals are released from industrial or domestic sludges (lbekwe et al., 1995), 
experts a negative impact on both soil microbial communities (Mc Grath et al., 1988) 
and legumes (Rajkumar et al., 2006). For example, Cadmium distributes the (a) 
enzyme activities (b) DNA mediated formation (iii) symbiosis between microbes and 
plants and (iv) increase plant predisposition to fungal invasion (Kobata-Pendians & 
Pendians, 2001). The formation of the nodules on the root system of legumes 
following symbiosis with their host specific rhizobial partner is one of the important 
aspects of legume-Rhizobium symbiosis, through which sufficient N is provided to the 
legumes grown either in metal contamination or conventional soils. Legumes when 
grown in soils contaminated with heavy metals suffer severely from metal toxicity. 
For instance, the higher concentration of metal ions in soil and their uptake by plant 
organs adversely affect the growth, symbiosis and consequently the yields and crops 
(Motah, 2000) by disintegrating cell organelles and disrupting the membranes 
(Stresty & Madhava Rao, 1999), acting as genotoxic substance (Sharma & Taukdar, 
1987), disrupting the physiological processes, such as, photosynthesis and synthesis 
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of chlorophyll pigments (Bibi & Hussain, 2005). inactivating plant proteins (Van 
Assche & Clijsters, 1990). and by arresting respiration and carbohydrate metabolism 
(Shakolnik, 1984). These toxic effects of heavy metals on nodulation and N2 in 
legumes have been reported in alfalfa (Medicago saliva) (Pajuelo et al., 2007), clover 
(Trifolium repens L.) (Broos et al., 2005; Mc Grath et al., 1988) and chickpea (Cicer 
arietinum L.) (Yadav & Shukla, 1983). The reduction in Rhizobium legume symbiosis 
under heavy metal stress could be due to two reasons- (a) toxic metals prevent the 
formation of N2 fixing nodules and (b) the metal contamination results in the 
elimination of effective Rhizobieun strains from the soil (Giller et al., 1989; Pajuelo et 
al., 2007). In a study by Reddy et al., 1983, found that the addition of sewage sludge 
from industrial area toxic metal ions to the soil, adversely affected the survival of 
rhizobia. When clover grown on sludge treated plots with metal concentration at or 
near the current U.K. and Commission of the European Communities Limits ( a part 
from Cd which was five times the limit), was not able to fix N, (Mc Grath, et al., 
1988). When the same metal contaminated soil was inoculated with an effective strain 
of R. leguminosarum bv. trifoli and the soil was kept at 25°C for two months, no 
effective nodulation was obtained in soils inoculated with 107 cells/pot or lesser 
rhizobial populations. However with the addition of large population (>1 	cells/pot) 
rhizobia, sufficient number of the nodule bacteria survived and established and 
effective symbiosis. From these findings, it was concluded that the effective clover 
rhizobia were enable to survive in the free-living state outside the protected root 
nodule in the metal contaminated soil. Further, it was suggested that Cd, Zn and Cu 
are the most toxic metals to rhizobia. In addition there is evidence that suggests that 
the reduction in plant growth and nodule size, and nitrogenase activity in white alfalfa 
were due to arsenic, when plants were grown in soils highly contaminated with this 
metal (Pajuelo et al.. 2007). Additionally, studies on sludge field trails in 
Braunschweig showed that increasing sludge rates (and increasing concentration of 
heavy metals in soil) reduced the number of indigenous populations of R. 
leguminosarum bv. trifbli to low or undectable levels (Chaudri et al., 1993). Adverse 
effects of sludge application were also found on number of R. leguminosarum bv. 
viviae and tr foli, the microsymbionts for beans and white clover in soils of a long 
term field experiment in Gleadthrope (Chaudri et al., 2000). 
The heavy metals in general cannot be degraded biologically to more or less toxic 
products and hence, persist in the environment. To circumvent the metal stress, micro- 
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organisms of agronomic importance including plant growth promoting rhizobacteria 
and N,  fixers have evolved a number of mechanisms, which they use to tolerate the 
uptake of heavy metal ions (Niel, 1999). Such mechanisms include (a) the pumping 
of metal ions exterior to the cell (b) accumulation and sequestration of the metal ions 
inside the cell (c) biotransfonnation-transformation of toxic metals to less toxic forms 
(Thacker & Madamwar, 2005) and absorption,desorption of metals (Mamarial et al., 
1997). These mechanisms could he constitutive or inductive. Due to these properties, 
when plant growth promoting rhizobacteria including N2 fixers, used as seed 
inoculants, were applied to soil, either treated amended intentionally with metals or 
already contaminated, have shown a substantial reduction in the toxicity of metals and 
concomitantly improve the overall growth and yield of chickpea (Cicer arietinum L.) 
(Gupta et al., 2004), greengram (6 igna radiata L. IVilc_ek) (Faisal & Hasnain, 2006) 
tomato (Lvcopersicum esculantum), Indian mustard (Brassica compestris) and conola 
(Brassica rapa) (Burd et al., 2000). Besides their role in protecting the plants from 
metal toxicity. the plant growth promoting bacteria also well known for their role in 
enhancing the soil fertility and promoting, crop productivity by (a) synthesizing 
particular compounds for the plants (Zaidi ct al., 2004) (b) facilitating the uptake of 
certain nutrients (Zaidi et al., 2003) and (d) by protecting plants from diseases (Guo et 
al., 2004). Generally, plant growth promoting bacteria improves plant growth by 
synthesizing phytohormones (Sheng & Xia, 2006; Ahmad et al., 2008), vitamins, 
enzymes, siderophores and antibiotics (Noordman et al., 2006; Burd et al., 2000). 
They also promote the growth of plants by alleviating the stress induced by ethyl 
mediated impact on plants (Glick & Penrose, 2002) by synthesizing 1-
aminocyclopropane-l-carboxylate (ACC) deaminase (Madhaiyan et al., 2007; Glick 
et al., 2007). In addition to their ability of fixing atmospheric N (N2 fixers) are 
solubilizing inorganic P (Khan et al., 2007) and making these two key elements 
available to crops (Perveen et al., 2002; Khan & Zaidi, 2007), mineralizing organic 
phosphate (Ponmurgan & Gopi, 2006) and improving plant stress tolerance to 
drought, salinity and metal toxicity. Among other plant growth promoting 
rhizobacteria . the symbiotic nitrogen fixers enhance the growth of legumes by (a) 
providing nitrogen to the plants using N, fixing processes nutrients and 
phytohormones (Shaharoona et al., 2006; Antoun et al., 1998) in the rhizosphere (c) 
inducing increase in root surface area (d) enhancing other symbiosis of the host (e) 
reducing or preventing the deleterious effect of phytopathogenic organisms (Khan et 
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al., 2002) (f) reducing the toxicity of metals in contaminated soil through 
adsorptionidesorption (Mamaril et al., 1997) and (g) by the combination of modes of 
action. Use of such plant growth promoting rhizobacterial strains possessing multiple 
properties of metal resistance;reduction and ability to promote plant growth through 
different mechanisms in metal contaminated soils make them one of the most suitable 
choices for remediation; a natural method for the derelict soils (Khan et al., 2008). 
Bioremediation is the action microbes or other biological system to degrade/transform 
environmental pollutants under controlled conditions to an innocuous state, or to 
levels below concentration limits established by regulatory authorities (Muller et al., 
1996). Bioremediation can he applied in situ without the removal and transport of 
contaminated soils and without the disturbances of soil matrix or can be applied in 
sins to soil at the site, which has been removed from the site via excavation. 
The other alternative approach used to clear up the contaminated soil includes the 
plants, the innovative technique being known a phytoremediation (Brooks, 1998; 
Audet & Chars. 2007; Mishra & Tripathi, 2008). This technology involves the use of 
metal accumulating plants to remove, transfer or stabilize the contaminants from soils 
but this technique requires longer period of time (Wenzel or a!, 1999). The use of 
plants for rehabilitation of heavy metal contaminated soil is an emerging area of 
interest because it proves an ecologically sound and safe method for restoration and 
remediation of polluted soils. The efficiency of phytoremcdiation techniques is, 
however, influenced by the activity of rhizosphere microbes and speciation and 
concentration of metals deposited into soil (Khan, 2005). For instance, use of plant 
growth promoting rhizobacteria like species of Pseudomonas and Acinetobacer have 
shown to enhance phytoremcdiation abilities of non-hyperaccunrulating maize (Zea 
mays L.) plants by increasing their growth and biomass. 
Due to rapid industrialization in India. numerous heavy metal releasing industries 
have been set up which pose a major threat to the survival and activities of plant 
growth promoting rhizobacteria and to the sustainability of agricultural crops. Aligarh 
being a famous metallic lock manufacturing city for more than 50 years. During these 
years, large amounts of heavy metals have been released from lock manufacturing and 
electroplating industries, whose emission rate over the years has consistently been 
increased. The discharge of metals from these sources and their consequent 
accumulation into the soil environment affects the fertility of soil and concomitantly 
the productivity of agronomic crops. Among the various crops legume for example, 
10 
chickpea (Cicer arietinum L.) pigeonpea (('a/anus cajan) which serves as a rich 
source of protein, in the Indian dietary system, are popularly grown in India, and also 
in the region of Aligarh. Among these legumes, chickpea is the leading pulse crop 
occupying about 92% of the area and accounting 89% of the total production of grain 
legumes in semi and tropical countries (Ahlawal, 2002). Chickpea is also called as 
Bengal gram. is an important source of human food and animal feed and plays a key 
role in the maintenance of soil fertility in the wheat based systems of the dry rain fed 
areas of Indian sub-continent, Vest Asia and North African regions. 
Pigeonpea originated in India, as evidenced by the presence of its several wild 
relatives, the large diversity of the crop gene pool, ample linguistic and a few 
archaeological remnants. Pigeonpea is grown in Southeast Asia, Africa and the 
Americas. Substantial cultivation of pigeonpea is also done in Kenya, Uganda and 
Malawi in Eastern Africa. in the Dominican Republic and Puerto Rico in Central 
America. In India pigeonpea is grown in almost all the states, but the major 
cultivation is done in the states of U.P., Bihar, Gujarat, Maharashtra, Karnataka and 
Madhya Pradesh. Exact global estimation pigeonpea area under cultivation and 
production are not available since the statistics from different sources is highly 
variable. India, by far is the large producer of pigeonpea and accounts for about 80% 
of global area (3.7m ha) and production (2.6 million tonnes grains). The productivity 
of pigeonpea has been fluctuating between 600- 700kg/ha. Agricultural fields near the 
major industrial area of Aligarh are used for growing legumes, for which industrial 
sewage water is used as a source of irrigation. Considering heavy metals as global 
threat and the lack of adequate data and conflicting reports on the effect of toxic 
metals on plant growth promoting rhizobacteria included nitrogen fixers and their 
symbiosis with legume plants and the possibility of damage to the legumes due to the 
deposition of heavy metals into the soil, the current studies have been design with the 
following specific objectives: 
1. Isolation and characterization of rhizospheric microorganisms isolated from pulse 
crops grown in irrigated field with wastewater. 
2. To determine the tolerance of bacteria against heavy metals viz Zn, Ni, Pb, Cr, 
X! 
3. To investigate the heavy metal, resistance tolerance pattern of microorganisms 
isolated from rhizospheric soil. 
4. To determine the antibiotic resistance pattern of bacteria. 
5. To evaluate the effect of toxic metals separately or in combination on the growth 
of chickpea and pigeonpea soils. 
6. To assess the bioremediation potential of metal tolerant PGPR strains. 
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REVIEW OF LITERATURE 
Pollution implies any increase in the concentration of matter on energy generated by 
human activity which degrades a living community or its abiotic environment. 
Factory effluents, release of gases into the atmosphere, toxic chemicals and pesticides 
lead to pollution on a global scale. 
Pollutants are generally classified as:- 
I. Biodegradable 
2. Non-biodegradable 
Biodegradable pollutants consist of sewage effluents and organic matter that are 
readily decomposed under normal circumstances. Non-biodegradable substances are 
those which are not degraded by micro-organisms e.g. heavy metals, plastics and 
xenobiotics such as pesticides. detergents and others. Fast urbanization and 
industrialization has resulted in the tremendous release of xenobiotic compounds into 
the environment. Large quantities of highly toxic chemicals emitted by industries are 
generally used in India for enhanced agricultural productivity (Vishwanathan, 1985). 
Heavy metal pollution: 
Industrial wastes are a major source of environmental pollution and originate from 
mining industries, chemical industries, metal processing industries and others. These 
wastes include chemicals ranging from heavy metals to synthetic compounds. Heavy 
metals released as toxic effluents from smelters are deposited into nearby ecosystem 
(Arnesen et al., 1995; Mankovaska & Steinnes, 1995; Wilcke eat al.. 1996) and are 
linked with health hazards. These include As, Cu, Mg, Ni, Cr, Pb, Zn, Cd. These are 
called heavy metals because in their metallic form, their densities are greater than 
4g!cc. It has also been on micro-organisms (Gadd & Griffiths, 1978), plants (Ichikura 
et al., 1970) and animals (Eisler & Hennekey, 1977). Heavy metals are very harmful 
because of their non-biodegradable nature, long biological half-lifes and their 
potential to accumulate in different body parts. Most of the heavy metals are 
extremely toxic because of their solubility in water. Even low concentrations of heavy 
metals have damaging effects to man and animals because there is no good 
mechanism for their elimination from the body. Now days heavy metals are 
ubiquitous because of their excessive use in industrial applications. Wastewater 
contains substantial amounts of toxic heavy metals, which create problems (Chen, 
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Wang, & Wang, 2005; Singh, Mohan, Sinha, & Dalwani, 2004). Excessive 
accumulation of heavy metals in agricultural soils through wastewater irrigation may 
not only result in soil contamination, but also affect food quality and safety 
(Muchuweti et al., 2006). 
Among chemical elements and compounds. which are regarded as environmental 
pollutants, toxic metals such as Pb and Cd are the most widely spread and found 
around the agriculture areas (Zheljazkov et al., 1999; Miller et al., 2004; Li et al., 
2005; Mico et al., 2006; Fitamo et al., 2007). Elevated levels of Pb and Cd in urban 
areas are mainly attributed to automobile exhaust, particularly from leaded gasoline, 
motor vehicle tires, and lubricant oils (Tsadialas. 2000; Parekh et al., 2002; Duzgoren, 
2007). Nabulo et al., (2006) also pointed out that leafy vegetables grown in roadside 
areas were considered as potential source of toxic metal contamination to consumers. 
Therefore, it is recommended that leafy vegetables should be grown at least 30m from 
roads, in high traffic, urban areas. Traffic density also affects Pb accumulation in 
plants. Exposed plants accumulated only minor amounts of Pb when traffic density 
was less than about 5000 motor vehicles per day, but substantially affected when the 
volume was greater than 35,000 vehicles per day (Davies, 1990). Consumption of Cd 
contaminated crops causes a serious health concern such as carcinogenic and 
mutagenic effects. Cd is readily available to plants from both air to soil sources. The 
highest concentrations of Cd in polluted areas were always reported from roots and 
leaves (Yang et al., 2004) of plants. 
Heavy metal pollution in India: 
Various environmental problems due to heavy metal pollution in India have been 
reported (Chandra, 1980). A survey conducted in India in 1974 revealed that children 
were deformed because of heavy metal contamination in drinking water from the 
stream in Rajasthan. This was due to toxic effects of mercury and cadmium which 
cause paralysis and bring about damage to the bones (Kudesia, 1982). 
A total of 96 surface water samples collected from river Ganga in West Bengal during 
2004-05 was analyzed for pH, EC, and presence of heavy metals viz; Fe, Mn, Zn, Cu, 
Cd, Cr, Pb and Ni. The pH was found in the alkaline range (7.21-8.32), while 
conductance was obtained in the range of 0.225-0.615 incnhos/em. Fe. Mn, Zn, Ni, Cr 
and Pb were detected in more than 92°,% of the samples in the range of 0.025-5.49, 
0.025-2.72. 0.012-0.370, 0.012-0.375, 0.001-0.044 and 0.001-0.250 mg/L, 
respectively, whereas Cd and Cu were detected only in 20 and 36 samples (0.001- 
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0.003 and 0.003-0.032 mgiL). Overall seasonal variation was significant for Fe, Mn, 
Cd and Cr. The maximum mean concentration of Fe (1.520 mg%L) was observed in 
summer, Mn (0.423 mg/L) in monsoon but Cd (0.003 mg/L) and Cr (0.020 mgiL) 
exhibited their maximum during the winter season. Fe, Mn and Cd concentration also 
varied with the change of sampling locations. The highest mean concentrations 
(mg/L) of Fe (1.485), Zn (0.085) and Cu (0.006) were observed at Palta, those for Mn 
(0.420) and Ni (0.054) at Berhampore, whereas the maximum of Pb (0.024 mg/L) and 
Cr (0.018 mg/L) was obtained at the downstream station, Uluberia. All in all, the 
dominance of various heavy metals in the surface water of the river Ganga followed 
the sequence: Fe > Mn > Ni > Cr > Pb > Zn > Cu > Cd. A significant positive 
correlation was exhibited for conductivity with Cd and Cr of water but Mn exhibited a 
negative correlation with conductivity (D. Kar el al., 2007). 
Metals are essential for maintaining human health throughout life. Intake of 
vegetables contaminated with heavy metals may pose a risk to the human health. A 
market basket survey was carried out with the aim to assess the levels of lead, 
cadmium, copper and chromium in some selected vegetables collected from different 
markets in Kolkata, India. The results showed that concentration of lead and cadmium 
in all the vegetables tested even after washing exceeded the permissible limit 
recommended by WHOIFAO. Cd content of only a few boiled vegetables reduced 
below the permissible level. Chromium content or copper content in a few samples 
exceeded the permissible level but in boiled samples remained below the safe value 
(Banerjee et a1., 2011). 
Concentration of Heavy Metals (Cd, Cr, Fe, Ni) in water, plants and sediments of 
river Yamuna flowing in Haryana through Delhi are reported here selecting 14 
stations covering the upstream and downstream sites of major industrial complexes of 
the State. Some important characteristics of river water and sediments (pH, EC, CL, 
S032 , and POa  in water and sediments, COD of water and organic matter content of 
sediments) were also analysed and inter-relationships of all these parameters with 
heavy metal concentration in different compartments were examined. The sediments 
of the river show significant enrichment with Cd and Ni indicating inputs from 
industrial sources. Concentrations of Cr are moderate and show high enrichment 
values only at a few sites. Enrichment factor for Fe is found to be <1, showing 
insignificant effect of anthropogenic flux. Concentrations of these metals in river 
water are generally high exceeding the standard maximum permissible limits 
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prescribed for drinking water. particularly in the downstream sites. The aquatic plants 
show maximum accumulation of Fc. The other heavy metals Cd. Cr and Ni. though 
less in concentration, show some accumulation in the plants growing in contaminated 
sites. Interrelationships of metal concentration with important characteristics of water 
and sediment have been analysed. Analysis of heavy metals in water, sediments and 
littoral flora in the stretch of river Yamuna is first study of itself and interrelationship 
of metal concentration and other important characteristics make the study significant 
and interesting in analysing the pollution load at different points of the river body 
(Kaushik, et al., 2008). 
Heavy metals contamination has been recognized as a major environmental concern 
due to their pervasiveness and persistence. These heavy metals are not biodegradable, 
hence there is a need to develop such a remediation technique, which should be 
efficient. economical and rapidly deployable in a wide range of physical settings. For 
the characterization of heavy metals of various industrial effluents, some heavy 
metals, like Arsenic, Cadmium. Chromium, Copper, Iron, Manganese, Nickel, Lead 
and Zinc were analyzed. The results exhibited that As, Cd, Cr and Pb were not found 
in any studied wastewater samples, while some of the following heavy metals ranged 
from : Cu (0.0`l.0 mg/L), Fe (0.1-0.4 mg/L), Mn (0.0-0.4 mg,L). Ni (0.01-0.07 
mg"L) and Zn (0.68-60.84 mg/L). Copper, Iron, Manganese and Zinc were found 
above the standard limit recommended by IS: 3307 (1977). However, Nickel was 
found below the regulated safety values for all studied samples (Vijendra Singh et al., 
2006). 
Effect of wastewater on soil: 
Soil is the medium where crops are cultivated for the use of mankind and animals. It 
provides water, nutrients and anchorage to the crop plants and it also acts as natural 
habitat for the many micro and macro organisms. A delicate balance therefore, exists 
among the components of soil like mineral matter, organic matter, soil atmosphere, 
soil water and soil organisms including plants and animals. With the increase in 
population, industrialization, urbanization and deforestation, soil is detiorating vary 
fast. In addition, use of wastewater in agriculture for long period of time or dumping 
of wastewater and solid waste on open land are other reasons for its damage. Some of 
the studies conducted in relation to wastewater application and its harmful impact on 
soil may be mentioned here. (Ajmal & Khan,1983) with sugar mill effluent in 
Bulandshahar (India, 1984a) with breweries effluent in Ghaziabad (India), (Ajmal et 
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al.. 1984) with Glaxo effluent at Aligarh (India). (Ajmal & Khan, 1986) with coal 
fired thermal power plant wastewater at Aligarh, (Stomberg et al., 1984) at Oregon 
(USA) with tannery waste. (Raza & Murthy. 1985) at Hyderabad (India) and 
(Jonathan & Wagner, 1999) at N. Arizona (USA) with paper mill effluent. 
Effect of wastewater on plants: 
Out of many uses of water, its application for agricultural purposes ranks top in 
priority. However it must be admitted that due to scarcity of fresh water and 70% of 
Indian population being dependent upon farming. the farmers have no option other 
than to grow their crops under rainfed conditions or use wastewater for agricultural as 
well as for horticultural purposes. 
Presence of heavy metals on plants is a well known fact and has been described by 
many authors. These metals are being released into the environment due to industrial, 
agricultural and mining activities and also from exhaust gases of automobiles. 
Toxicity evaluation of industrial wastewater has been done by using bioassay system 
of an aquatic plant Lemna minor at different time intervals. Growth inhibition was 
measured as reduction in fresh and dry weight in industrial wastewater and sewage 
water, exposed L. minor plants. Results of fresh and dry weight indicate significant 
decrease in industrial wastewater and sewage wastewater during the different seasons 
of the year. At 72 and 96 hr of industrial wastewater exposure, decrease in chlorophyll 
content was significant in comparison to control. Decrease in total protein content was 
32.5%. 14.7% and 30.6% at 96 hr of exposure in industrial wastewater in pre 
monsoon, monsoon and post monsoon season. Exposure of industrial wastewater to L. 
minor shows that it is a highly sensitive plant to the pollutants present in industrial 
wastewater (Vivek kumar singh et al., 2006). 
Mukherjee & Sahai (1988) studied the impact of distillery wastewater on pigeon pea 
(Cajanus cajan) var. 5-16 also at Gorakhpur (India) found that various growth 
parameters showed a progressive increase upto 5% concentration and root and shoot 
ratio was maximum in plants irrigated with 2.5%% concentration. They also reported 
that total dry weight and total seed output increased steadily from control to 5% 
concentration and then declined progressively till only a few seeds and a small 
amount of dry matter was produced in the plants treated with 75% concentration. 
Bahadur & Sharma (1989) at Bareilly (India), studied the effect of combined effluent 
from three industrial units (Indian Turpentine & Rosin Co. Ltd., Western India Match 
Co. Ltd. and Camphor & Allied Products Ltd.) on the growth of pea (Pisum sativum) 
IN 
var. T-163. They observed that shoot length, root length, number of leaves, branches 
and inflorescences, leaf area, dry weight of shoot, root and seeds and biomass per 
plant decreased significantly in plants receiving effluent, after 30, 75 and 135 days. 
However, the reduction in number of leaves (19.35%) and leaf area (28.08%) was not 
significant at 75 days. Maximum decrease in leaf area (31.09%) was observed at early 
vegetative stage. However, maximum reduction in root length (22.0%), number of 
branches (46.80%) and root dry weight (44.42%) was observed at the age of 75 days. 
After 135 days. maximum decrease in shoot length (34.54%). Leaf number (26.60%), 
shoot dry weight (37.64%)„ biomass per plant (38.03%), number of inflorescence per 
plant (41.61 %) and dry weight of seeds (38.88%) was observed. They attributed this 
decrease in various growth attributes in treated plants to synergistic effect of various 
pollutants on certain metabolic processes. 
The study involves studying Pb and Cd level concentrations in soil and vegetations 
along a major highway with high traffic density. Soil and vegetable samples along 
highway were collected from 10 sites in Agra district (India) and analyzed for two 
heavy metals (lead and cadmium) using flame atomic absorption spectrophotometer 
(AAS). The soil physicochemical properties were also determined. The general 
decrease in concentrations of these metals with distance from the highway indicates 
their relation to traffic. Higher accumulations of metals have been observed on 
vegetation and soil samples near to the highway (0-5 m) than on vegetation and soil 
samples from sites a little farther away ( at 5-10 m & 10-15 m). This is attributed 
mainly to aerial deposition of the metal particulates from motor vehicles. The values 
of heavy metals were compared with results found by other investigators in various 
countries worldwide (Sharma and Prasad. 2010). 
Wang (1990) while assessing toxicity of pre-treated industrial wastewater using 
higher plants at Peoria (USA), remarked that out of tested plants, rice (Orvza saliva 
L.) was more sensitive to toxicity than duckweed (Lemna minor) and lettuce (Lactuca 
saliva) and rice root elongation was markedly decreased as compared to lettuce. 
Metals have strong influence on development and growth of crops. To stimulate how 
cereal crops are affected and/or tolerated from heavy metal contamination by disposal 
of unregulated wastes as soil amendments, the nutrient culture experiment was 
conducted with barley (Hordeum vu/gore L.). rice (Orvca saliva L.) and wheat 
(Triticum aestivunz L.) at control (0), 1, 5. and IOpM of copper (Cu), zinc (Zn), lead 
(Pb), magnesium (Mg) and sodium (Na). A4x3 factorial experiment for each metal 
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was set-up in a completely randomized desigm with four replications. Seed 
germination, total root numbers, root length, shoot ratio of seedlings were measured 
and integrated to calculate a metal tolerance index for each crop. Among the metals, 
Cu exerted the most adverse effects on seed germination, early growth and tolerance 
of crop seedlings followed by Zn and Pb. Wheat and rice seedlings were more 
susceptible to metal toxicity than barley. The effect of 10µM Cu, Pb and Zn was more 
pronounced on crop seedlings especially on wheat and rice (Mahmood, T. et al., 
2007). 
Sources of soil contamination: 
A consequence of the industrial revolution, there is an enormous and increasing 
demand for heavy petals that leads high anthropogenic emission of metals into the 
biosphere (Ayres, 1992). Pollution of the biosphere by toxic metals such as lead, 
arsenic, cadmium, copper. zinc, nickel, and mercury has accelerated dramatically in 
recent times. The primary source of this pollution includes the industrial operations 
such as smelting, mining, metal forging, manufacturing of alkaline storage batteries, 
combustion of fossil fuel and sewage sludge as well as anthropogenic usage, and long 
term application of sewage in agronomic practices also adds a significant amount of 
heavy metals to soils (Giller et al., 1989; McGrath et al., 1995). The metals and 
metalloids release from these sources accumulate in soils and in turn adversely affect 
the agro-ecosystern (Mcllveen & Negusanti, 1994). All heavy metals occur to a 
varying extent within all components of the environment. Co-existence and 
persistence of heavy metals in soils as multiple contaminants and exposure of humans 
to heavy metals (either as contaminated food or drinking water) can lead to their 
accumulation in humans, plants and animals. In some cases, the soil may be 
contaminated to such an extent that it may be classified as a hazardous waste. 
Contamination of agronomic soils with metals (both single element and mixture of 
metals) has thus become a global threat to the sustainability of the crops and 
therefore, is receiving considerable attention from the environmentalists, particularly 
in developing countries. The remediation of such soils is therefore, urgently required 
in order to protect the microbial diversity and fertility of soils and consequently to 
improve the crop productivity. 
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Heavy metal pollution in soil: 
Land application is considered to be the most advantages method for sludge as well as 
industrial disposal from both economic and environmental point of view (Davis, 
1986). This practice has raised concern to the effect of effluent and sludge on soil 
micro-organisms e.g. those involved in the biocycling of elements such as carbon, 
nitrogen and sulphar. Heavy metals discharged from industries, mines, smelters etc. 
are scarcely washed out from soils due to the strong binding force of soil components 
such as humans. clay and hydrated sesquioxides and a result of this, the biological 
system in soil are threatened by increasingly higher concentration of heavy metals 
(Tyler. 1972). In addition pollutants also affect complex microbial interactions such 
as parasitism (e.g. bacteriophage host bacterium) and mutualism (e.g. Rhizobium-
leguminous plants). Inorganic heavy metal pollutants that occur as water soluble salts 
and hence are available for uptake by the microbiota may exert greater toxicities than 
water insoluble forms of the same pollutants (Babich & Stotzky, 1980). The 
occurrence of heavy metals in soil and their influence on plants has been variously. 
Heavy metal contamination caused by natural process or human activities is one of 
the most serious ecotoxicological problems. Contamination of soil by toxic metals is a 
serious concern in environmental perspective for safe rational utilization in 
agriculture. Number of factors are responsible for this type of pollution viz, 
geoclimatic conditions, rate of urbanization, improper waste management, and 
anthropogenic causes. Almost all the trace elements that contaminate the system get 
readily absorbed by plants and then to animals and are relatively toxic at levels 
slightly above than those required for maintaining normal metabolic activities of the 
body (Chakraborthy el al., 2004). 
Generally heavy metals have been categorized as bioavilable and nonbioavilable 
metals (Sposito, 2000). The bioavilable and nobioavilable forms included 
precipitated, sorbed or non mobile metals. In nature, metals and metalloids exist 
mostly as cations, oxyanions or both in aqueous solution and mostly as salts or oxides 
in crystalline (mineral) form or as amorphous precipitates in soluble form (Roane & 
Pepper. 2000). The mobility of metals as hydrated ions salts is dependent on two 
factors- (a) the metallic element that precipitates as positively charged ions (cations) 
and (b) the one, which makes up negatively charged component of salt. Geochemical 
forms of heavy metals in soil affect their solubility, which in turn directly influence 
their bioavailability (Xian, 1989). The mobility and bioavailability of certain metals in 
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soils is usually in the order of. Zn>Cu>Cd>Ni (Lena & Rao, 1997). The fates of toxic 
metals in soils depends primarily on the initial chemical form of the metal. However, 
the environmental and edaphic conditions such as pH, redox status, and soil organic 
matter content also significantly affect the mobility of metals in soils (Krishnatnurti, 
2000). At low soil pH, the metal bioavailability increases due to its free ionic species 
while a high soil pH, the metal bioavailability due to its free ionic species while at 
high soil pH it decreases due to insoluble metal mineral phosphate and carbonate 
formation. 
Metals in terrestrial ecosystems are important for their influence on development and 
growth of plants (Lepp, 1991. Alloway, 1995, Hall & Williams, 2003). However, soil 
ecosystems are contaminated with heavy metals by human-induced activities (Naidu 
et al., 1996, Younas & Shahzad, 199S). A toxic concentration of heavy metals is not 
known in agricultural soils; however, land disposal of wastes as soil amendments fro 
crop production is responsible for temporal accumulation of heavy metals in soil 
(Nriagu & Pacyna, 1988, Youngs & Shahzad, 1998). 
Effect of heavy metals on soil microbial biomass: 
The maintenance of soil fertility depends on the activity of the soil microbial biomass 
(De Hann et al., 1989), a small fraction of soil organic matter (1-3%) which is of 
fundamental importance in the biological cycles of all major plant nutrients 
(Jenkinson & Ladd, 1981). Abiotic stress caused by the addition of heavy metals in 
inorganic and organic form affects the growth, morphology and metabolism of micro-
organisms in soils, through functional disturbance protein denaturation or destruction 
of the integrity of cell membranes. Soil pollution by heavy metals can reduce the size 
and activity of the microbial biomass. Soil microbial biomass as measured by 
chloroform fumigation was much less in sludge amended soils than in comparable 
soils amended with manures, presumably due to the heavy metal content of the 
sewage sludge (Brookes & Mc Grath, 1984; Nannipieri et at., 1990; Chander & 
Brookes, 1993). The soil microbial biomass mediates the biochemical process 
occurring in soils and acts as a reservoir of labile plants nutrients (Mc Gill et al., 
1975; Marumnto et a)., 1982; Brookes etal., 1984; Jenkinson, 1990). Nevertheless, 
the microbial biomass has been considered a sensitive and useful indicator of metal 
pollution (Mc (rath, 1994). The minimum concentration of Cd and Zn in soil which 
negatively affected the soil microbial biomass at Woburn were 6.0 mg Cd kg- ' and 
180.Omg Zn Kg' (Me Grath el al., 1994). A reduction in the size of the soil microbial 
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biomass has also been reported in sludge treated soils rich in Cd (Stark & Lee. 1988). 
The microbial biomass carbon, however, the microbially mediated processes might be 
a key factor to consider in predicting toxicological effects of heavy metal pollution in 
soil (Leila of n(., 1995). 
The responses of aerobic heterotrophic soil bacteria community to different 
concentrations of different metals, namely. mercury, zinc and nickel were 
investigated. The heavy metals were added to soil at the levels of 50, 100, 200, 300 
and 500µgig of soil, respectively. The soil samples were incubated for 28 days during 
which total aerobic heteroteophic bacterial counts were taken periodically. The results 
demonstrated that the growth of bacteria exhibited responses which were dependent 
upon the type of metal and level of concentrations. Mercury at the concentration of 
300 and 500µgg soil, inhibited growth of the bacteria by the 28ih day of the study 
while for nickel, growth inhibition on the 28°' day occurred for the 500 tg/g. However, 
for zinc, there was no complete inhibition of growth throughout the experimental 
period at all metal concentrations. Reduction in microbial population and loss of 
microbial diversity is evident as metal concentration increased. 
Effect of heavy metal on microbial population: 
Heavy metals are toxic to all organisms if present in high concentrations. Heavy metal 
exposure has, since the last century, been known to infect microbial growth and 
survival. Bond et al.. (1976) found no need effect on colony forming units (CFUs) for 
bacteria and fungi after addition of 10µg Cdg' to douglas fir forest litter microcosms, 
where a decrease in soil respiration rate was evident. However, Freedman & 
Hutchinson (1980) did find a decrease in fungi colony forming units (CFUs) near the 
Sudbury smelter, (Nordgren et a)., 1986) found colony forming units (CFUs) of 
bacteria capable of degrading maltose, arabinose, cellobiose, pectin, xylose, chitin, 
starch, cellulose or xylan to be a more sensitive indicator of the pollution level around 
the mill at Runnskar compared to soil respiration rate or urease and phosphaise 
activities. Heavy metals appear to induce a shift towards more gram negative bacteria 
compared to gram positive. Thus, (Doelman & Haanstra, 1979) found more gram 
negative bacteria tolerant to lead, and (Barkay etal., 1985) found more Pseudomonas 
spp. in sludge amended soils with increased levels of Cd. Similar trends in soils to Cd, 
Co, Cu, Hg, Ni, Zn were found by (Duxbury & Bicknell, 1983)_ It has been known 
since the invention of the Bordeaux mixture that fungi are copper sensitive, and it has 
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also been demonstrated that zinc in high concentration strongly affects the fungal 
community (Jordan & Lechevalier. 1975). 
Rhizosphere and plant gro-,-t th promoting rhizobacteria: 
The rhizosphere can be defined as any volume of soil specifically influenced by plant 
roots and or in association with root hairs, and plant produced materials (Bringhurst et 
al., 2001). This space includes soil bound by plant root epidermal layer (Mahaffee & 
Kloepper, 1997). Plant exudates in the rhizophere, such as amino acids and sugars, 
provide a rich source of energy and nutrients for bacteria including PGPR, resulting in 
bacterial populations greater in this area than outside the rhizosphere. Similarly, the 
soil aggregates affect the diversity of microbial communities (Vadakattu et al., 2006). 
The rhizosphere bacteria able to aggressively colonize plant root systems and promote 
plant growth are reffered to as plant growth promoting rhizobacteria (PGPR) 
(Kloepper & Schroth, 1978). Broadly, PGPR can be divided into two major groups 
according to their relationship with the host plants: (i) symbiotic bacteria and (ii) free 
living rhizobacteria (Khan, 2005). However, based on their localization, PGPR can be 
divided into the following groups- (i) intracellular PGPR-(iPGPR) bacteria residing 
inside plant cells, producing nodules and being localized inside those specialized 
structures (e.g., nodules) and (ii) extracellular PGPR (ePGPR)- those bacteria living 
outside the plant cells, and not producing nodules, but enhancing plant growth 
through production of signal compounds that directly stimulate plant growth, improve 
disease resistance, or improve nutrient status of soil. The ePGPR has further been 
subdivided into three types, based on the degree of association with plant roots- (i) 
those living near, but not in contact with roots (ii) those colonizing the root surface 
and (iii) those living in the spaces between cells of the root cortex. Of these PGPR, 
iPGPR are mostly Gram-negative and rod shaped, with a few bacterial populations 
being Gram positive rods, cocci and pleomorphic forms. Generally, iPGPR includes 
the member of rhizobiace, capable of forming on the root system of the leguminous 
plants. In contrast, some of the agronomically important ePGPR include the genera, 
such as, Bacillus (Ryder et al.. 1999). Pseudomonas (De Freitas & Germida. 1991) 
Envinia (Nelson. 1998). Enterobacter (Tanii et al., 1990). Caulobacter. Serratia 
(Zhang et al., 1996), F1a1'obacteriam (Tanii cat al., 1990), Actinobactey sp. (Tanii et 
al.. 1990). Acromonas caviae (Inbar & Chet, 1991), Agrobacteriwn (Ryder & Jones, 
1990), Alcaligens sp. (Yuen etal., 1985). Phvllobacteriu,n sp. (Lambert cat al., 1990), 
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and Bacillus thuringiensis (Bai et al.. 2002a). Hvphomycrobiwn, Azotobacter, 
.-1:ospirillum & Acetobactcr (Prithiviraj et al.. 2003). 
Mechanism of growth promotion by plant growth promoting rhizobacteria: 
Plant growth promoting rhizobacteria can affect plant growth either- (i) indirectly or 
(ii) directly. The indirect promotion of plant growth occurs when PGPR lessen or 
prevent the deleterious effects of one or more phytopathogenic organisms while direct 
promotion of plant growth by PGPR involves either providing plants with a 
compound synthesized by bacterium of facilitating by uptake of certain nutrients from 
the environment (Lucas Garcia et al., 2004a; Cakmakci et al., 2006) and (iii) 
protecting plants from diseases (Guo et al.. 2004). Regardless of the mechanisms of 
plant growth promotion. PGPR must colonize the rhizosphere around the roots, the 
rhizosphere or the root itself (Glick, 1995). Generally the plant growth promoting 
rhizobacteria improves plant growth by synthesizing phytohormones precursors 
(Ahmad et al., 2008), vitamins, enzymes and siderophores and antibiotics (Burd et al., 
2000; Glick, 2001) and inhibiting ethylene synthesis (Glick et al., 2007), in addition 
to their ability of fixing atmospheric N (N`, fixers) and solubilising inorganic P and 
making these two key elements available to crops (Perveen et al., 2002; Khan & 
Zaidi. 2007). mineralizing organic phosphate (Ponmurugan & Gopi, 2006) and 
improving plant stress tolerance to drought, salinity and metal toxicity. The growth 
promoting substances synthesized by various PGPR are summarized in Table (1) 
while those synthesized by nitrogen fixers are given in Table (2). These plant growth 
regulators play an important role in the development of roots specially the elongation 
of root hairs (Loper & Schroth. 1986). Furthermore, PGPR can also promote plant 
growth by synthesis of 1-aminocyclopropane-1 carboxylate (ACC) deaminase, which 
hydrolyze ACC (the immediate precursor of plant hormone ethylene) to NH3 and a-
ketobutyrate (Reed Cl al., 2005; Safronova et al., 2006) thus reducing the levels of 
ACC and ethylene in plant and consequently reduces the inhibition effects of ethylene 
on root growth. Several PGPR with ACC deaminase activity have been isolated from 
rhizosphere of various plants (Madhaiyan et al., 2007, Mellado et al., 2007). 
Symbiotic nitrogen fixers and nitrogen fixation: 
They are aerobic. Grain negative, rod shaped cells, posses granules of poly ji-hydroxy 
butyrate and grow best at 25-30C and pH 6-7. Colonies are generally circular, 
convex, semi translucent, raised and mucilaginous usually 2-4mm in diameter within 
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3-5 days on yeast mannitol (YEMA) salt agar. They utilize a wide range of 
carbohydrates and salts. 
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Table (1): Growth promoting substances produced by PGPR 
Organisms 	 Growth regulators   J_ Reference 
Azotobacter,Fluorescent 
Pseudomonas, and Bacillus 
AA.Siderophore. 	Ammonia, 	HCN, 
P-solubilization 
Ahmad et al., (2008) 
Pseudomonas, Bacillus 	 I Siderophores, 1AA. P-solubilization Rajkumar et a!; (2006) 
Brevibacillus sp. 	 IAA Vivas et al., (2006) 
Xanthomonas sp. RJ3, .4zomonas sp. 
RJ4, Pseudomonas sp. R,110, Bacillus 
sp. RJ3l 
IAA Sheng & Xia, (2006) 
Bacillus sp. 	 P-solubilization Canbolat et al., (2006) 
Brevibacterium sp. 	 Siderophore Noordman et al., (2006) 
Bacillus subtils IAA and P-solubilization Zaidi et al.. (2006) 
I ariovorax paradoxes, Rhodococcus 	IAA and siderophores 
sp. and Flavobacterium (Cd tolerant) 
Belimov etal.. (2005) 
Pseudomonas fluorescens IAA, 	siderophore 	and 	P- 
solubilization 
Gupta et al., (2005) 
Pseudom ones putida Siderophore Tripathi etal.. (2005) 
A:otobacter.Fluorescent 
Pseudomonas 
IAA Ahrnad et al., (2005) 
;Ificrococcuc lureus 
Bacillus and .-Izospirilluut sp. 
IAA. P-solubilization 
IAA, P-solubilization 
Antoun eta,'., (2004) 
Yasmin et al., (2004) 
Pseudomonas auroginosa IAA, Siderophore, HCN Bano et al.. (2003) 
Bac•illus.Pseudo,nonas. 
:1;otobacterand .4zospiriltim 
P-solubilizanon and IAA Tank &Saraf, (2003) 
Pseudomonas sp. Siderophore Sharma et al., (2003) 
Pseudomonas sp. IAA, 	siderophore 	and 	P- 
solubilization 
Gupta et al., (2002) 
Pseudomonas fluorescence Siderophore Khan ei al., (2002) 
.-t:otobacter chroococcum Gibberelin, kinetin, IAA Verma et al., (2001) 
Klu}•vera ascorbata Siderophore Burd et al., (2000) 
Ammonium salts, nitrate, nitrite and most amino acids can serve as nitrogen sources. 
The stimbiotic nitrogen fixers are highly specific to legume host and form an effective 
symbiosis with their corresponding host. During symbiosis, the bacteria attaches to 
the root hairs, penetrate the roots and induce proliferation of the root cells, leading 
ultimately to the development of an organ, often termed nodule' on the root systems 
of legume plants. Within the resulting root nodules, the bacteria exist as highly 
pleornorphic N2-fixing forms called bacteroids. Lcghacmoglobin occurs within the 
root nodules and serve to protect the nitrogenase enzyme complex from oxygen 
sensitivity. 
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Table (2): Plant growth promoting substances synthesized by symbiotic nitrogen 
fixers 
Symbiotic N, fixers Plant growth promoting Reference 
substances  
Alesorhi; obiu,n IAA,siderophore, ammonia, Ahmad et al., (2008) 
HCN, P-solubilization 
Bohiunn IAA Shaharoona et al., (2006) 
japonicum 
Rhizobiu,n HCN, siderophore Deshwal et al., (2003) 
Bradlrhizobiu, n (Arachis) Siderophore, IAA and P- Deshwal ct al., (2003) 
solubilization 
Rhizobiuin P-solubilization and IAA Tank & Saraf., (2003) 
Mesorhizobium, Siderophore Khan et al., (2002) 
Bradti•rhizobium sp. 
(vigna) 
Rhizobium ineliloti Siderophore Arora et al., (2001) 
Bradyrhizobium i Siderophore Duhan et al., (1998) 
Rhizobium  
Rhizobium ciceri Siderophore Berraho et al., (1997) 
Bradyrhizobium Siderophore Wittenberg etal., (1996) 
japonicum 
Rhizobiuin, P-solubilization Abda-Alla., (1994) 
Bradyrhi;obiuin 
Biological nitrogen fixation (BNF) represents the major source of N input in 
agricultural soils. The major N, fixing systems are the symbiotic systems, which can 
play a major role in improving the fertility and productivity of low-N-soils. The 
atmosphere contains about 101 ' tonnes of N, gas, and the nitrogen cycle involves the 
transformation of some 3x 109 tonnes of N2 per year on a global basis (Postage, 1982). 
Lightning probably accounts for about 10% of the world's supply of fixed nitrogen 
(Sprent & Sprent, 1990). The fertilizer industry also provides a substantial quantity of 
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chemically fixed nitrogen. World production of fixed nitrogen from dinitrogen for 
chemical fertilizer accounts for about 25% of the Earth's newly fixed N ,`, while 
biological processes accounts for about 60% where BNF is estimated to contribute 
180x10`' metric tons/year globally (Postage, 1998). 
Nitrogen fixing organisms can broadly be catogerized as- (a) symbiotic nitrogen 
fixing bacteria, that includes members of family rhizobeaceae. forms symbiosis with 
leguminous host and non-leguminous trees (e.g. Frankia) and (b) non symbiotic (free 
living, associative and endophytes) nitrogen fixing forms such as cyanobacteria 
(Anabena, Nostoc), .4zospirillu n, :Izotohacter, Gluconoacetobacter diazotrophicus 
and .•lzocarus etc. In developed and developing countries like India, agriculture 
heavily depend on chemical N fertilizers to meet out the crop N demands (Subba-Rao, 
1980). However, due to spiralling cost of fertilizers and environmental hazards (Al-
Sherif. 1998) associated with the use of chemical fertilizers, the researchers are 
searching for an inexpensive alternative chemical fertilizer. In this context, BNF as a 
natural and inexpensive source of N has drawn the attention of scientist's world over 
(Peoples et al., 1995a). The use of BNF is ecologically benign and can help to reduce 
the use of fossil fuels and can be helpful in reforestation and in restoration of soil 
health thereby leading to increase in crop productivity. 
Biological nitrogen fixation and crop productivity: 
Organisms that fix nitrogen are of greater agronomic importance for sustainability of 
crops in soils deficient in nitrogen. A wide array of organisms possesses the ability to 
fix atmospheric nitrogen. However, only a very few organisms belonging to different 
groups are able to fix nitrogen (Zahran et al., 1995). Among the nitrogen fixing 
bacteria, Achromobacter, Acetobacter, Alcaligens, Arthrobacter, Azospirillum. 
Azotobacter, Azomonas, Bacillus, Beijerinckia, Clostridium, Cornvbacterium, Derxia, 
Enterobacter, Herbaspirillum, Klebsiella, Pseudomonas, Rhodospirillum, 
Rhodopseudomonas and Xanthobacter have been identified as nitrogen fixers 
(Dobbelaere et al., 2003; Bashan & de Bashan, 2005). The atmospheric nitrogen is 
converted to useable forms of N (i.e. NH4-) through nitrogenase, which is most 
sensitive to O,. However, each group of nitrogen fixing organism possess a 
mechanism to protect nitrogenase from oxygen toxicity. Nitrogenase activity is 
usually measured by a sensitive process called the acetylene reduction assay (ARA) 
(Sprent & Sprent, 1990). In comparison, the Nb isotopic method used to measure N2 
fixation though accurate, but expensive. 
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Legumes are very important both ecologically and agriculturally because they are 
responsible for a substantial part of the global flux of nitrogen from atmospheric N2 to 
fixed forms, such as ammonia, nitrate, and organic nitrogen. Whatever the true figure, 
legume symbiosis at least 70 million tones of N per year, approximately half deriving 
from the cool and warm temperature zones and the remainder deriving from the 
tropics (Brockwell et al.. 1995). Increased plant protection levels and reduced 
depletion of soil N reserves are obvious consequences of legume N2 fixation. 
Deficiency in mineral nitrogen often limits plant growth, and so symbiotic 
relationships have evolved between plants and a variety of nitrogen-fixing organisms 
(Freiberg cat al., 1997). Successful Rhi:obium-legume symbiosis will definitely 
increase the incorporation of BNF into soil ecosystems. Rhi=obiiim-legume symbiosis 
are the primary source of fixed nitrogen in land based systems (Tate. 1995) and can 
provide well over half of the biological source of fixed nitrogen (Tate, 1995). 
Atmospheric N2 fixed symbiotically by the association between Rhizobiurn species 
and legume represents a renewable source of N for agriculture (Peoples et al., 1995b). 
Values estimated for various legume crops and pasture species are often impressive, 
commonly falling in the range of 200 to 300 kg of N ha-1 year -1 (Peoples et al., 
1995b). Yield increases of crops planted after harvesting of legumes are often 
equivalent to those expected from application of 30 to 80 kg of fertilizer-N ha- '. 
Numerous authors have reported positive effects of a single inoculation with 
symbiotic or asymbiotic (e.g. Azotobacter) nitrogen fixing organisms on various 
agronomic crops (Zaidi et al., 2004; Khan & Zaidi. 2007). Research by Garcia et al., 
(2004) suggested a synergistic interaction between PGPR (e.g. Pseudomonas 
. fluorescens, Chrvseobacterieun balustiruim and Serratia fonticola) and symbiotic 
nitrogen fixer (Sinorhi:obium redii) in soybean crop. They suggested that the single 
inoculation of PGPR and Sinorhi:obium fredii probably due to a competition between 
PGPR and nodule bacterium. 
However, the complexity of inoculation effects of rhizosphere organisms on legume 
crops arise from variations in the physico-chemical properties of soils, plant-microbe 
interaction and microbe-microbe interaction, which in turn, have led to many 
contradictions in the literature. Yet the increase in the plant vitality, symbiotic traits 
and yield of crops plants following inoculations with PGPR including N2 fixing 
organisms (including both symbiotic and free living N2 fixers) and phosphate 
solubilising organisms either alone or in combinations have been reported (Khan et 
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al., 2007; Zaidi et al., 2003). Indeed, the results from various experiments conducted 
either under put house conditions or under field environments, have clearly indicated 
enhancement of plant growth, nodulstion, yield and nutrient uptake of greengram 
(Zaidi er al., 2004), chickpea (Zaidi et al., 2003) and wheat plants (Khan & Zaidi, 
2007), in response to microbial inoculations. especially in sites poor in nitrogen. In a 
recent study, (Zaidi & Khan, 2007), recorded significant increase in plant vigour. 
nodulation, yield, grain protein and nutrient uptake in chickpea plants following 
single inoculation of Mesorhizobium ciceri. 
Plant growth regulators: 
Plant growth regulators (PGRs) are the substances that influence physiological 
processes of plant at very low concentrations and modify or control one or more 
specific metabolic events of a plant. According to Environmental Protection Agency 
(EPA), the plant regulators have been defined any substance or mixture of substances 
intended, though physiological action, to accelerate or retard the rate of growth or 
maturation, or otherwise alter the behavior of plants or their produce. Additionally, 
plant regulators are characterized by their low rates of application; high application 
rates of the same compounds often are considered harmful. Such compounds 
produced by the plant are called a plant hormone (Davies, 1995) which can be 
synthesized by PGPR affects the microbial communities or plant pathogens by 
changing the composition of root exudates. The exudates accumulate in the 
rhizosphere and in turn affect the nutritional status of the soil. The phytohornrones 
and other compounds synthesized by PGPR affecting plant growth are discussed in 
the following section. 
Phytohormones: 
Biosynthesis of indole acetic acid: 
Indile -3- acetic acid and its analogue is the primary active auxin in most plants. It is 
synthesized from tryptophan, primarily in loaf primordial young leaves and 
developing seeds. Auxins play an important role in the development of the roots 
including root initiation, cell enlargement and cell division (Glick, 1995). It has been 
shown that free IAA is easily converted into esterified IAA with sugar or amide-
linked 1AA and such conjugated forms are the forms in which IAA stored in plants. 
Two kinds of genes that are involved in the formulation of conjugated IAA and the 
hydrolysis of IAA (Bartel & Fink, 1995) have been isolated. However, the 
biosynthetic process of IAA in plants at the molecular level have not yet been 
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characterized due to several reasons- (i) levels of IAA in intact cells are low (ii) 
indole compounds are non-enzymetically degraded (iii) bacterial contamination can 
complicate essays of enzymatic activity and (iv) compartmentalization of cells is 
disrupted in essays in vitro. Indole acetic acid is also important for the microbes that 
interact with plants. The biosynthesis of IAA has been assayed mainly for plant-
associated and at molecular level, two pathways of IAA production have been 
identified- (i) the indole -3- pyruvic acid pathway, reported in PGPR, Enterobacter-
cloacae, Rhi:obiuun and Bradvrhizobium and the (ii) indole acetamide (IAM) 
pathway, which is often found in tumor-forming bacteria, such as Pseudonronas 
svringae pv. savastanoi and Agrobacterium, for which genes are plasmid borne. 
The indole-3-pyruvic acid pathway involved in the synthesis of IAA in bacteria was 
reported by (Koga et al., 1991 b) using E. cloacae, isolated from the cucumber 
rhizosphere. The bacterium produced significant amounts of IAA in the culture 
medium. Interestingly, the cloned E. coli, having IAA genes of E. cloacae produced 
large amounts of IAA, even though there are three different enzymes in the indole-3-
pyruvic acid pathway. The gene (ipdc) transformed from E. cloacae did not encode 
tryptophan aminotransferase. regarded as the enzyme that catalyzes the rate-limiting 
step in the pathway to IAA. The gene encoded indole pyruvate decarboxylase, whose 
enzymatic activity has been proved very difficult to detect. The lAM pathway was 
first detected in P. svringae. pv. sai'astanoi, which induces the production of 
tumourous outgrowths on olive and oleander plants. The pathway depends on the 
products of two genes, iaaM and iaaH. The iaaM gene encodes tryptophan2-
monooxygenase, which catalyzes the conversion of L-tryptophan to IAM, while iaaH 
encodes IAM hydrolase, which catalyzes the conversion of IAM to IAA. Induction of 
tumor formation by P. svringae. pv% savastanoi on its host plants requires the over 
production of IAA. This pathway has also been reported for other tumor-forming 
bacteria and F,nv ,inia herbicola pv. gvpsophilae (Clark et al.. 1993). 
Indole acetic acid production by PGPR: 
Indole acetic acid is commonly produced by PGPR (Lynch, 1985). Plant growth 
promoting rhizobacterial strains uses the rich supplies of substrates exuded from the 
roots and releases auxin in the rhizospheres as secondary metabolites (Strzelczyk & 
Pokojska-Burdziej, 1984). Though. Bradvrhl_obia and rhi obia are known 
exclusively for their N2 fixing ability, yet they are also reported to produce IAA 
(Table 1). For example, species of Bradvrhi.obium, Rhizohitun and Mesorhiobium 
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produced a substantial amount of IAA under in vitro conditions (Antoun at a)., L998; 
Ahmad ei al., 2008). Among other PGPR strains, P.seudomonas, Bacillus, 
Agrobacteriam spp. Alcaligens piechoudii and two strains of Comamonas 
acidovorans secreted IAA at lower levels as compared to deleterious bacteria 
(Barazani & Friedman. 1999; Rajkumar el a)., 2006). Bacteria associated with the 
roots of green house tropical orchids have also been shown to produce IAA as 
demonstrated by thin layer chromatography and by biotests (Psavkelova et al., 2005). 
In other study, numerous bacterial isolates recovered from the wheat rhizosphere 
showed the production of auxins (ranging from 1.1 to 12.1 mg') under in vitro 
conditions. However, when the medium was supplemented cxogenously with 
rryptophan, it enhanced significantly the auxin biosynthesis. Later on, the high 
performance liquid chromatography (HPLC) alalysis confirmed the presence of IAA 
and indole aeetamide (JAM) as the major auxins in the culture filtrates of these 
rhizobacteria (Khalid etal., 2004). 
Siderophores: 
Iron plays an important role in various biochemical and physiological processes. 
Respiration photosynthetic transport, nitrate reduction, chlorophyll synthesis and 
nitrogen fixation (Robinson & Postage, 1980). Despite its high abundance in earth's 
crust (1-6%), it is often unavailable to the microorganisms and plants. Therefore, the 
microbes often suffer from iron limitation because of solubility of iron (Ill) salt near 
neutrality. The limitation or iron can inhibit growth. decrease genetic materials and 
inhibit sporulation and can also change the morphology. Iron is present as a cofactor 
or required by different enzymes and proteins such as peroxidise, superoxidase 
dismutase. nitrogenase, glutamate syuthase, ribonucleotide, diphosphate reductase, 
acotinase, DAPH synthetase, cytochromes, ferridoxin and flavoprotiens. Iron exists in 
aerobic soil and water environment in the Fe3+ state, most insoluble at physiological 
pH (Crowley et al., 1987). A level of at least one micro molar iron is needed for 
optimum growth if (<1 1tM) it is iron-stressed condition (Ownley et al., 2003). These 
environmental restrictions and biological imperatives therefore, requires that 
microorganisms form this specific nutrient, which is though abundant but essentially 
unavailable (Leeman at al., 1996). In response to these conditions, all aerobic and 
facultative anaerobic prokaryotes and some plants produce low molecular weight 
compounds to provide themselves with iron. The molecular mass (0.5-1.5kDa) ferric- 
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specific iron chelators compounds are often called as siderophores (Nielsen & 
Sorensen, 2003). 
Siderophores: biological sensor of iron nutrition: 
Siderophores from the Greek, iron carriers play a role in scavenging iron from 
environment and to make this mineral, which is always essential, available to 
microbial cell. Consequently, iron becomes unavailable to microorganisms that are 
unable to use these sidrophores and competition for iron between microorganisms 
seems probable. Studies on microorganisms producing siderophores have received 
much attention in recent times due to its potential application in agriculture (Compant 
et al.. 2005). Most of the siderophores are water-soluble and can be divided into- (i) 
extracellular siderophores and (ii) interacellular siderophores. For example, the 
carboxymycobactins and exochelins are the extracellular siderophores produced by 
mycobacteria. In contrast, some siderophores are not excreted at all (e.g. mycobactins, 
synthesized by mvcobacteria) and remains within the cell envelope (De Voss et al., 
1999). Similarly, fungi also produce both extracellular and intracellular siderophores, 
as found in spores and mycelia of Neurospora and Aspergillus (Ratledge & Dover, 
2000). Generally most siderophore transport systems are highly specific for certain 
siderophores. although some broad-range siderophore-recognition systems have been 
described based on ligand-exchange mechanisms (Bultyres et al., 2003). 
Chemical and biological properties of siderophores: 
Broadly siderophores have been classified into four groups- (i) hydroxamate (ii) 
phenol catecholates (iii) carboxylate and (iv) salicylic acid (2-hydroxy benzoic acid). 
Among the siderophore-producing microbes, PGPR produce both hydroxamate and 
catecholate siderophores. but fungi produce only hydroxamate type compounds 
(Witter & Luther, 1998). Hydroxamate siderophores are generally referred to as 
pseudobactin or pyoverdine type siderophores. Constant quinoline chromophore, 
responsible for colour of molecule, is bound to a peptide chain and to a dicarboxylic 
acid, or to a dicarboxylic amide in hydroxamate siderophores. The peptide chain is 
always the same for a given strain but is different in different strains and species 
(Meyer cat al., 1997). Each pyoverdin is based on a common theme of three iron 
binding ligands, one of which is always a u-dihydroxy aromatic group derived from 
quinoline located in the chromophore. The other two are located in the peptide chain 
and are hydroxarnic acids derived from ornithine either acylsted N-hydroxyornithine 
or cyclised N-hydroxyornithine, or one hydroxamic acid derived from ornithin plus a 
34 
(3-hydroxyaspartic acid residual. A catecholate siderophore complex consists of three 
catecholate groups are linked to a trilactone ring or they are connected by a backbone 
of alkyl chain beginning at a tertiary carbon or a nitrogen atom. Catecholates are ideal 
ligands for interaction with iron because of the presence of the hydroxyl groups 
within the catechol moieties of the siderophores. These indicate that the oxygen atoms 
present have a high electron density, and thus represent ligands with a high affinity 
for protons when deprotonated at pH values above 6.5. In addition, because iron (III) 
is a strong Lewis acid it readily donates protons to other atoms such as the polarized 
oxygen atoms of the catechol moiety. This electrostatic interaction gives catocholate 
siderophores a greater affinity for iron (III) compared to their hydroxamate 
counterparts. 
Eventhough the main function of siderophores is to acquire iron from insoluble 
hydroxides or from iron adsorbed onto solid surfaces, they can also extract iron from 
ferric citrate, ferric phosphate, Fe-transferrin, ferritin or iron bound to sugars, plant 
flavones pigments and glycosides or even from artificial chelators like EDTA and 
nitrilotriacetate by Fe (III)/ligand-exchange rections. Siderophores are thus not only 
directly involved in iron solubilisation, but can indirectly make iron available to both 
microbes and plants. The efficiency of siderophores in microbial metabolism is based 
mainly on three facts. (i) siderophores consisting of hydroxamate, catecholate or a-
hydroxycarboxylate ligands contain the most efficient iron-binding ligand types in 
nature and satisfy the six coordination sites on ferric ions. Siderophores also increase 
the stability due to its chelating effets (ii) regulation of siderohpore biosynthesis is an 
economic means of spending metabolic energy, but it also allows the production of 
high local concentrations of siderophores in the vicinity of microbial cells during iron 
limitation. The over production of siderophores by host-adapted bacterial strains leads 
to increased virulence and (iii) besides their ability to solubilise iron and to function 
as external iron carriers, siderophores exhibit structural and conformational 
specificities to fit into membrane receptors and/or transports (Stintzi et al., 2000). 
Siderophore production by microorganisms: 
The siderophore production in iron stress conditions confers upon these organisms an 
added advantage, resulting in exclusion of pathogens due to iron starvation. 
Siderophore production by rhizobial strains have been considered as a potential way 
to imporove nodulation and N7 fixation in iron detiecint conditions. (0' Hara et al., 
1995; Khan et al., 2002) respectively. Moreover, sidrophore producing ability might 
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favour the persistence of rhizobia in iron-de5cient soils (Losucur et al., 1993). In a 
study, strains of Rhimbium cicerl. showed the production of siderophores in Chrome 
Azurol S (CAS) agar medium while the supernatants of Rhizobium cicerf culture 
yielded salicylic acid (SA) and 2,3-dihydroxxybenzoic acid (DI-WA) as phenolate-
type siderophores. Addition of ferric iron to the culture medium though increased 
growth yield, but decreased the production of siderphores (Berraho et al., 1997). 
Similarly, 31 Bradyrhizobial and Rhizobial strains infecting pieconpea were screened 
for siderophore production using CAS agar plate as well as CAS assay solution. Of 
these, only 23 strains showed siderohpore production and of the 23 strains positive to 
siderphore 21 strains showed the production of hydroxymate, while 6 strains showed 
the production of catechol type of siderophore. A large variation in the quantity of 
hydroxymate and catechol produced by different Rhizobial strains was observed. 
Moreover, the siderophore producing strains stimulated the N, fixing efficiency of the 
Rhizobial strains (Duhan et al., 1998). Furthermore, of the 12 isolates of Rhizobium 
meliloii isolated from the medicinal plant, Mucuna pruriens, only two isolates 
(RMP3) and RMPS) inhibited the growth of phytopathogens (Macrophomina 
phaseolina). Further, a marked enhancement in percentage seed germination, seedling 
biomass, nodule number and nodule weight of Al. Phaseolina infected groundnut 
plants inoculated with the strains RMP3 and RMP, was observed suggesting the 
growth promoting substances, including siderophore. The siderophore was identified 
as hydroxyrnate and when F.acnryinosa was used in field trails, enhanced growth and 
yield of Indian mustard var Pusa gold (Pandey et al., 2005). 
Phosphate solubilising microorganisms and sustainability of crops: 
Phosphorous (P) is an essential plant nutrient whose deficiency restricts crop yields 
severely. Most tropical and subtropical soils are acidic and. strong P-sorption 
combined with low inherent P stocks lead to wide P deficiency (Qaume, 2000). Even 
where inorganic and organic P forms are abundant in soils, their concentration in the 
soil solution is in the micromolar range (0.1-10 pM P) (Frossard et at., 2000). These 
low levels of P are mainly due to high reactivity of soluble P with Fe and Al oxides in 
the acidic soils (Lindsay etal., 1989). Therefore, substantial amounts of manufactured 
water soluble P (WSP) fertilizers such as superphosphate are commonly applied to 
correct P deficiencies. Most developing countries import these Fertilizers, which are 
often in limited supply and represent a major outlay for resource- poor farmers. In 
addition, intensification of agricultural production necessitates the addition of P not 
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only to increase crop production but also to improve soil P status in order to avoid 
further soil degradation. It is therefore, imperative to explore alternative P sources. In 
this context the phosphate solubilising microorganisms (PSM) provide an inexpensive 
and suitable alternative to chemical P fertilizers. Important genera of Phosphate 
solubilising bacteria are Bacillus and Pseudomonas while Aspergillus and Penici/licam 
are the important PS fungi (Mostara et al.. 1995). In contrast there are only a few 
reports of P solubilisation by nodule bacteria (Chabot et al., 1996).The organism 
possessing PS ability can convert the insoluble phosphatic compounds into soluble 
forms (Pradhan & Shukla, 2005, Khan et al.. 2007) soil and make it available to 
crops (Fig. 1). 
Many researches have quantitavley investigated the ability of PSM solubilise 
insoluble P in pure liquid culture medium (Zaidi. 1999; Maliha et al., 2004). The 
microbial solubilisation of soil P in liquid medium has often been due to the excretion 
of organic acids (Table 3). For instance oxalic acid citric acid, lactic acid etc. in 
liquid culture filtrates, were determined by paper chromatography or thin layer 
chromatography (TLC) or (HPLC) and certain enzymatic methods to allow more 
accurate identification of unknown organic acids (Maliha et al., 2004). In general the 
PS fungi produce more acid and consequently exhibit greater PS activity than bacteria 
in both liquid and solid media (Vetikatesvarlu et al., 1984). Such organic acids can 
either directly dissolve the mineral P as a result of anion exchange of P042- by acid 
anion or can chelate both Fe and Al ions associated with P (Omar, 1998). While in 
certain cases, P solubilisation is induced by P starvation (Gyaneshwer et al., 1999). 
However, no definite correlation between the acids produced by PSM and amounts of 
P solubilised are reported (Asea et al., 1988). The role of organic acids produced by 
PSM in solubilising insoluble P may be due to the lowering of pH, chelation of 
cations and by competing with P for adsorption sites in soil (Nahas, 1996). Moreover, 
inorganic acids (e.g. HCI) can also solubilise P but they are less effective compared to 
the organic acid at the same pH (Kim et al., 1997). However, acidification does not 
seem to be the only mechanism of solubilisation, as the ability to reduce pH in some 
cases did not correlate with the ability to solubilise mineral P (Subba Rao, 1982). The 
chelating ability of the organic acids is also important, as it has been shown that the 
addition of 0.05M EDTA to the medium has the same solubilising effect as 
inoculation with Penicillium belaji (Kucey, 1988). 
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Phosphate solubilising fungi and actinomcetes 
.4slergillus faius, .l spergillis niger. Penicillium 
canescens 
Oxalic, citric, gluconic succinic hlalilta et al., 2004 
-I. niger Succinic \'azqucz et al., 20()0 
Penicillium rui ulosum Gluconic Rev 	et al.. 1999 
Penicillium radicum Gluconic Whitelaw er al., 1999 
Penicillium variable Gluconic Vassitcv et al., 1996 
.tiger Citric, Oxalic. gluconic Illmer eral.. 1995 
jaonicus..4. joetidus Oxalic. citric. gluconic. succinic. 
tartans 
Singal ei al., 1994 
Niger. P. simplicissimum Citric Burgstaller et al.. I9t 2 
Aisamori, P. digirarum Succinic.citric. tartaric Gaur, 1990 
Penicillium sp. Oxalic, itaconic Parks et al.. 1990 
Sew•aniomtyces occidentalis Succinic. fumaric, citric, tartaric. 
u-kcthutvric 
Gaur, 1990 
Asspergillus sp. Penicillium sp. Chaelomium 
nigricoler 
Oxalic. succinic, citric, 2- 
kctogluconic 
Banik & Dey, 1983 
Streptomice$ lactic, 2- ketogluconic Banik & Dey, 1982 
Fumigates, .4. candidus Oxalic, tartans, citric Banik & Dey, 1982 
Phosphate solubilising bacteria 
Enterobacterium intermedium 2-ketogluconic Hoon et al., 2003 
Bacillus amn•loliquefaciens, B. Licheniformis, B. 
:ltrophaeus, Penibaciluus macerans, Ilbrio 
proteolyticus, xandrobacter agilis. Enterobacter 
aerogenes. E. taylorae. E. asburiae, Alutvera 
cryocrescens. Pseudomonas aerogenes, 
Chn•seomonas luteola 
Lactic. itaconic. isovare ic, 
isobutysic, acetic 
Vazquez el al.. 2000 
Pseudomonas cepacia Gluconic, 2-ketogluconic Bar-Yosef et al., 1999 
Bacillus poh•mtxa, B. Licheniformis, Bacillus spp. Oxalic. citric Gupta ct a1., 1994 
Nitrogen and Phosphorous are the two major plant nutrients and combined inoculation 
of nitrogen fixers and PSM may benefit the plants better than when either group of 
organisms are used alone (Zaidi & Khan, 2004; Khan & Zaidi, 2007). The interaction 
studies between Pseudomonas striata, Bradlvrhi_ohium sp. and :-Wesorhi:obium ciceri 
38 
under in vitro and in vho showed no antagonism between the tested organisms 
(Sarojini et al., 1989). suggesting that these could be used as a mixed bio-inoculant 
for raising the productivity of crops (Zaidi, 1999). In this context, nitrogen fixers and 
PSM when inoculated together colonized the rhizosphere and enhanced the growth of 
legumes by providing it with N and P. respectively (Gull et al., 2004: Zaidi & Khan, 
2007). The nitrogen fixing organisms not only provide N to the plants but also 
improve N status of soil, alone or in combination with PSM. Accordingly the 
application of PS bacteria (Pseuclomonas straita) and nodule bacteria gave 
significantly higher yield in greengram (Khan et al., 1997) and chickpea (Zaidi etal., 
2003) than obtained by the use of Rhizobium alone. Furthermore. Rhi obiu,n and PS 
fungi namely Aspergillus Tiger, and Penicillium pinophilum and nitrogen fixing 
Rhizobium leguminosarum biovar iviciae showed significantly greater positive effect 
on growth, nuteint uptake (N and consequently the yield of Gicia ,%aba under field 
conditions (Mahena & Wahid. 2002). Combined inoculation effects of Rhi opium and 
phosphate solubilising Pseudomonas striata or Bacillus polvmvxa with or without 
added fertilizers on chickpea yield and nutrient content was studied under greenhouse 
conditions. Rhi:obiurn inoculation alone increased nodulation and nitrogenase 
activity, whereas the PS organism increased the available P content of the soil. The 
combined inoculation increased nodulation, available P of soil as well as dry matter 
production, grain yield and P and N uptake by the plants. The inoculation effects, 
however, were more pronounced in the presence of added fertilizers (Algawadi & 
Gaur, 1988). In a pot experiment, lentil seeds were inoculated with Rhi:obium 
leguminosarum along with increasing doses (50, 100, 200, 400 kg/feddan, I 
feddan=0.42ha) of RP with or without a 1:1 mixture of elemental sulphur and RP in 
the presence or absence of PS bacteria. Dry matter accumulation in plants and N, P. 
Fe, Zn, Mn and Cu uptake increased with RP, S and PS bacteria compared with 
untreated control. Dry matter yield and nutrient uptake was slightly higher with S 
application (Saber & Kabesh, 1990). A combination of PGPR, Azotobacter 
chroococclnn GA-1 and GA-3 with Penicillitun HF-4 and HF-5 and Aspergillus GF- 1 
and GF-2 increased radical and plumule length but the remaining culture decresed 
radical/plumule length. A significant increase in mungbean yield and groundnut yield 
was observed with the inoculation of' Rhi:obiuun spp. and PS bacteria along with 
phophatic fertilizers (Khan et al., 1997, 1998). Moreover, the microbes that are 
involved in P solubilisation as well as better scavenging of soluble P can enhance 
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plant growth by improving the efficiency of BNF, accelerating the availiblity of other 
trace elements and by production of phytohormones and antimicrobial compounds 
(Fig. 1). Accordingly, increase in yield of various legumes have been observed 
following seed or soil inoculation with nitrogen fixing organisms and PSM 
(Mukharjee & Rai, 2000; Zaidi & Khan. 2007). It has further been suggested that 
about 50% of phosphate fertilizer requirement could be saved by the combined 
inoculation of Rhi:obium strain Tt 9 with Bacillus megaterium var. Phosphaticum in 
groundnut Rhi_obium strain Tt 9 along with phosphaticbacteria at 75% phosphate 
level showed higher nodule number, root length, shoots length and increased pod 
yield than the dual inoculation at 100% phosphorous level in groundnut (Natarajan & 
Subrammanian, 1995). However, no significant increase in P contents in pigeonpea 
plant inoculated with Rhi_obium (CC I) and Bacillus megaterium var. phosphaticum 
was observed (Gunasekaran & Pandiyarajan, 1995). Similarly, about 37% increase in 
the grain yield of blackgram was reported following the inoculation of Rhizobiiun and 
Bacillus megaterium (Prabakaran et al., 1996). 
Antibiotic and HCN production by plant growth promoting rhizobacteria: 
One of the most effective mechanisms through which PGPR prevent proliferation of 
phytopathogens is the synthesis of antibiotics. Applications of microbial antagonists 
against plant pathogens in the agronomic practices provide an alternative to chemical 
pesticides. In this context, fluorescent Pseudomonas and Bacillus species plays an 
active role in the suppression of phytopathogenic organisms by synthesizing 
extracellularly metabolites that inhibit the growth even at a very low concentration. 
These antibiotics may be antitumour, antiviral, antimicrobial, antihelmenthic and 
cytotoxic (Fernando et al., 2005). The antibiotics can also contribute to microbial 
competitiveness besides their role in suppressing the growth of plant root pathogens. 
The PGPR strains that produce these compounds are therefore, of considerable 
interest as a biological control agent (Thomshow et al., 2003). Several antimicrobial 
compounds belonging to polypeptides, heterocyclic nitrogenous compounds and 
lipopeptides groups active against phytopathogens have been reported (Thomshaw & 
Webler. 1995). In addition to direct antipathogenic activity, they also trigger induced 
systemic resistance (ISR) in plant system. Though, antibiotics play a pivotal role in 
disease management, yet their role in biocontrol is questioned due to constraints of 
antibiotic production under natural conditions. Reports on PGPR-mediated ISR 
against insects are restricted to very few crops. Induction of systemic resistance by 
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PGPR strains, viz., P. putida strain 89B-27. S. Warcescens strain 90-166, Flavomonas 
orty ihabitans INR-5 and Bacillus puinilus strain INR-7 have significantly reduced 
populations of the striped cucumber (Zehnder et al., 1997). Cyanide is yet another 
secondary metabolic produced by several PGPR with glycine and cyanogenic 
glycoside. both of which have been demonstrated in root exudates (Curl & Truelove. 
1985). It is produced by many rhizobacteria and plays a significant role in the 
suppression of phytopathogens (Defago et al.. 1990). 
Nitrogen fixation: 
Nitrogen fixation involving the conversion of nitrogen to ammonia is an important 
and a major chemical reaction in this planet. This unique property is restricted to 
some facultative enteric bacteria such as Kiebsiella pneumonia, free living 
photosynthetic bacteria like Rhodobacter capsulatus, various species of the aerobic 
soil bacterium, Azotohacter and root noduling bacterium — Rhizobium and a number 
of free living and symbiotic genera of the unicellular and filamentous cynobacteria. 
Biological nitrogen fixation is carried out by prokaryotes in either symbiotic or a free 
living form. 
The free living bacteria having the ability to fix molecular nitrogen can be 
distinguished into obligate aerobic, facultative aerobic and anaerobic organisms. 
Obligate aerobic bacteria belong to the genera 1-otobacter, Beijerinckia, Dcr ia, 
,trchromobacter, Mycobacterium, Arthrobacter and Bacillus. Among the facultative 
anaerobic bacteria are the genera Aerobacter. Klebsiella and Pseudomonas. 
Anaerobic nitrogen fixing bacteria are represented by the genera Clostridium, 
Chlorobium, Chromatium. Rhodonticrobiunt, Rhodopseudomonas, Rhodospirillium, 
Desuljovibrio and 11ethanobacterium. 
Symbiotic nitrogen fixation: 
A major factor in the ecological success of members of the plant family 
Leguminoseac is their ability to enter a beneficial relationship with soil bacteria of the 
genera Rhi:ohium, Bradvrhi_obium, or A:orhizobium. In this association the bacteria 
induce the plant to develop a new plant organ, the root nodule, with this nodule; the 
ecological niche required for fixation of atmospheric nitrogen by the bacteria is 
created, thus rendering the plant independent of soil nitrogen (Bergersen, 1982). All 
Rhizobium species are able to interact with one or a limited number of legume species 
(Table 2). Rhizobia attach to the roots of their host and cause a characteristic curling 
of the host's root hairs. The rhizobia then invade the plant by way of newly formed 
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tube called the infection thread which grows from the root hair into the cortex. Cells 
in the root cortex start to divide and forth the nodule primordIum. Infection thread 
enters individual primordium cells and bacteria are released from the infection thread 
into the cytoplasm of the target cell. Bacteria then differentiate into bacteriods and 
begin to fix atmospheric nitrogen by the action of the enzyme nitrogenise, a process 
that is assisted by the morphology and physiology of the root nodule. Ammonia is 
transported from the bacteriods to the plant cytoplasm, where it is assimilated and 
then transported to other parts of the plant (Nap & Bisseling, 1990). Many of the 
Ilhi=obium genes required for nodulation are present on large sym plasmids (Johnston 
et al: 1978: Hooykaas ct al: 198 I: Djordjevic et a!: 1982). 
Rhizobirnn and its cultural characteristics: 
Cells are rod shaped 0.5-0.9X1.2-3.0}~m and colonies are circular, semi translucent, 
raised and mucilaginous usually 2-4mm in diameter within 3-5 days on yeast extract 
mannitol mineral salts agar. Pronounced turbidity develops after 2 or 3 days in 
agitated broth. Cells strain-gram negative, motility occurs by one polar or subpolar 
flagellum or two to six peritrichous flagella. Fimbriae have been described on a few 
strains. Optimum temperature for growth is 25-30°C and the optimum pH is 6-7. 
Growth on carbohydrates media is usually accompanied by copious extracellular 
polysaccharide slime. Cells are chemo-organotrophic utilizing a wide range of 
carbohydrates and salts of organic acids as carbon sources. Cells are aerobic, 
possessing a respiratory type of metabolic with oxygen as the terminal electron 
acceptor often able to grow well under oxygen tensions less than 1.Okpa (Bergey's 
manual, 1994). 
Biochemical reactions of Rhizobiva:: 
Cells are catalase positive and produce an acidic reaction in mineral salts medium 
containing mannitol or other carbohydrates. No gas formation occurs and cellulose 
and starch are not utilized by the cells. Peptone is poorly utilized and casein and agar 
are not hydrolyzed. Some strains require biotin or other water soluble vitamins and 3 
ketoglycosides are not produced. 
Legume inoculation: 
Legume inoculation provides a means for transplanting superior symbiotic nitrogen 
fixing bacteria from the fermenter to the legume host in the field. Principles and 
practices of inoculants formulation and application have been given by various 
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workers (Brock well, 1977; Burton. 1982; Somasegaran 1991; Smith, 1992; Keyser et 
al.. 1992). 
There are several studies showing that the introduction of superior strains by massive 
inoculation or by inoculation with superior strains, prior to invasion to inferior strains 
does increase crop yields (Fuhrmann & Vasilas, 1993; Streeter, 1994). Brockwell and 
Bottomley (1995) have recently analyzed the declining production of legume 
inoculants and provided some suggestions for improving the efficacy of rhizobial 
populations in the soil. 
Depending on the agro climatic conditions and the variety of the host, significant 
increases in yield over control could be expected with ('a/anus ca/an, Cicer arietinuni 
and Lens cu/mans (Subba Rao, 1986). 
Heavy metals effect on nitrogen fixing micro-organisms: 
Soil micro-organisms are involved in many basic ecological processes and hence 
there is a need to evaluate pollutants for adverse effects on microbial population and 
on microbial plant interactions. Soil population of rhizobia have been reported to be 
sensitive to high concentrations of' heavy metals (EL Aziz et al., 1991; Bayuomi, 
1992) which results in decreased or complete suppression of nitrogen fixation in 
legumes (Mc Grath et al., 1988). Zn and Cu have been reported to reduce microbial 
activity in polluted soil (Bryn hildsen & Rosswall, 1997. Nitrogen fixation by free 
living heterotrophic nitrogen fixation activity to metals was also found in soils to 
which metal contaminated sewage sludge (Martensson & Witter, 1990). 
Biological nitrogen fixation is a sensitive indicator of metal pollution (Coppola et al; 
1988; Smith, 1991) and may be suitable bioindicator assessing the biological activity 
of soils. In a study of phototrophic free living cynobacteria. Brooes et al., (1986) 
reported that colonization of the soil surface was delayed and nitrogen fixation 
activity reduced to 30% on soil treated with metal contaminated sewage sludge. 
Symbiotic nitrogen is an important source of nitrogen to agricultural soils. In 
particular the white-clover-Rhi obium symbiosis can supply as much as 200kg Nha- 
ya- ' (Robson et al., 1989). Nitrogen fixation by white clover (7rifblium repens L.) was 
completely absent on the sludge treated plants (Mc Grath et al., 1988) and yields of 
white clover were reduced by upto 60% compared with farm yard manure plots 
(MAFF- DOE, 1993) due to toxic heavy metals of metals on Rhizobium 
legurrminosarum biovar trifolii. Rhizobium isolated from the metal contaminated soil 
was shown to be ineffective in nitrogen fixation with white clover (Giller et al.. 1989; 
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Chaudri eta]., 1992). Turner .[a/.. (1993) demonstrated that metals had no effect on 
ihizobial population in a sludge soil containing 38.3mg Zn kg I and 13mg Cd kg 
compared with an untreated control soil, whereas the number of effective rhizobia 
surviving decreased in another soil with 30.6mg Zn kg I and 9.Smg CdKg I . A 
reduction in the number of Rhizoblum leguminosarum by rrijoiii occurred in mixture 
of sludge and farmyard manure treated soil containing as little as 3.4mg Cd kg' after 
laboratory incubation for 171 days (Giller et al., 1993) Obbard & Jones (1993) 
observer the presence of effective Rhizobium in metal probable number method. The 
minimum concentration of Zn in the low and high pH soils which reduced the 
population of R Leguminoarum by trifoln were 130mg kg' and 200 mg kg's (Mc 
Grath et al., 1994). 
Different species of symbiotic nitrogen fixing organisms vary widely in their 
sensitivity to heavy metal contamination in soil. Biller et al., (1993) reported the 
greater tolerance of R. Leguminosporum by tri%olii. Hradyrhizobiunt japanicum (host 
plant soybean) tolerated five times the amount of Zn in an artificial growth medium 
compared with strains of R. Leguminosarm by trifolii (Angle et at, 1993). Toxicity of 
metals to plants and microbes depends on the chemical activities of metals in the soil 
solution. 3bekwe et al., (1998) found that Cd was more toxic to rhizohia and 
modulation than Zn and reported that at the highest Cd2 activity plants were killed 
within 48 hours due to metal toxicity of Zn and Cd was greater to plants than to 
rhizobia. 
Metal accumulation in crops through wastewater irrigation: 
Trace elements are presented in natural waters (ground and surface) and their sources 
are associated with either natural processes or man's activities (weathering of rocks, 
soil leaching, mining of coal and minerals and industrial and municipal wastewaters). 
Heavy metals specially do not exist in soluble form for a long time in water. They are 
present mainly as suspended colloids or are fixed by organic and mineral substances. 
Plants are known to selectively accumulate trace elements. As a result of this, the 
concentration of some trace elements in water may decrease in some seasons while 
other elements may become soluble during the decay of plants. Wastewater used on 
farmland is generally a source of several trace elements, including some heavy metals. 
Therefore, the possibility of contamination should limit this method of wastewater 
disposal because of the accumulation of hazardous amounts of heavy metals in 
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surface soil. Metals accumulated in soils are depleted slowly by leaching, plant uptake 
and erosion. 
In several soils, threshold levels already have been exceeded either in gardens and 
orchards or in other locations by contamination from industrial emissions or heavy 
and repeated applications of wastewater, slurry and sewage sludge. Therefore, high 
heavy metal content of sludges were the most important hindrances. 
Surface irrigation of pasture with treated sewage sludge effluent was given by (Quin 
& Syers, 1978) in New Zealand and it was noted that its application for more than 16 
years had little effect on the heavy metal composition of the soil and pasture. Slightly 
higher levels of Zn. Cu. Co, and Mn in the effluent-treated soil did not increase levels 
of these elements in the pasture. If land application of the sludge is introduced, it 
would take at least 200 years for heavy metals to reach the recommended limit of 5% 
of the soil cation exchange capacity. Reynolds et al., (1980) studied the long term 
effects of irrigation with wastewater in Utah (U.S.A.). They found that secondary 
effluent was of satisfactory quality for crop irrigation. No significant accumulation of 
N. Pb, Cu. Zn, Ni, Cr and Cd could be attributed to the effluent irrigation. They 
concluded that no harmful accumulations of heavy metals on alfalfa grown at effluent 
irrigated site were noted. (Brown et al., 1983) found metal accumulation by 
bermudagras grown on soil amended with secondarily treated sewage effluent. 
(Belyuchenko & Dronov 1988) noted in U.S.S.R. that residential sewage was 
responsible for accumulation of NO3-N and heavy metals (As, Br, Cd, Co, Cr, Cu, Fe, 
Mo, Mn. Ni. Pb, Se, and Zn) in witch grass (Panicum antidotale) and soils. Intensive 
accumulation of NO3-N in the fodder mass of the plants was more during vegetative 
phase while, at later stage (flowering), it was decreased and was at the allowable 
level. 
In various experiments on Alium, bromegrass, cereals, chard, cucumber, Indigofera 
glandulosa, lettuce, Silence vulgaris, Swiss chard. Vicia . jaba and some other plants, 
supplying P. K, Ca. Cu. Fe, Hg, Mn, Ni, Pb and Zn has been noted to result in 
decrease in dry matter, yield and in accumulation of metals have also been conducted 
by (Boggess et al., 1978). (Hogg et al., 1978), (Mahler et al., 1978), (Bringham. 
1979), (Bringham et al., 1979), (Joseph, 1984), (Logan & Feltz, 1985), (De Marco et 
al.. 1988). (Singh, 1988). (Kasimov et al., 1989) & (Verkley & Prast, 1989). 
45 
Bioremediation: a natural method for the restoration of derelict soils: 
Conventional approaches employed for the remediation of metals from contaminated 
sites. These methods include, (1) land filling—the excavation, transport and 
deposition of contaminated soil in a permitted hazardous waste land (2) fixation—the 
chemical processing of soil to immobilize the metals, usually followed by treatment 
of the soil surface to eliminate penetration by water and (3) leaching—using acid 
solutions as proprietary leaching agent to distort and leach metals from soil followed 
by the return of clean soil residue to site (Krishnamurthy, 2000). The applications of 
these processes are sometimes restricted, due to the technological or economical 
constrains. Therefore, the search for alternative methods to restore polluted soils in an 
inexpensive, less labor intensive, safe and environment friendly manner is required. 
Such an alternative method is bioremediation, which is defined as the action of 
microbes or other biological systems to degrade transform environmental pollutants 
under controlled conditions to an innocuous state, or to levels below concentration 
limits established by regulatory authorities (Muller et al., 1996). Bioremediation can 
be applied in situ without the removal and transport of contaminated soils and without 
the disturbance of soil matrix or can be applied ex situ to soil at the site, which has 
been removed from the site via excavation. Therefore, managing the microbial 
populations in the rhizosphere by using microbial inoculum consisting of a 
consortium of plant growth promoting rhizobacteria and symbiotic nitrogen fixers as 
allied colonizers and biofertilizers, could provide plants with benefits crucial for 
ecosystem restoration on derelict lands (Khan, 2004). These microorganisms may be 
indigenous to a contaminated area (intrinsic bioremediation) or can be isolated from 
elsewhere and then introduced into the contaminated sites (bioaugmnentation). 
Bioremediation depends on the functionality of organisms in the rhizosphere and the 
environmental conditions amenable for their growth. Advances in understanding the 
role of microorganisms in such processes, together with the ability to fine-tune their 
activities using the tools of molecular biology, has led to the development of novel or 
improved metal hioremediation processes. Bioremediation is an option that offers the 
possibility to destroy or render harmless various contaminants using natural biological 
activity. As such, it is inexpensive, low technology technique, which generally has a 
high public acceptance and can consistently be carried out on contaminated sites, 
often without affecting the fertility of soils or the metabolic activities of microbes. 
This property of remediation help to avoid the transport of waste, off site and 
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consequently the potential threats to human health and the environment that could 
arise during transportation. Furthermore, bioremediation can be useful for remediation 
of variety of contaminants leading to the complete destruction and when the 
contaminants are transformed/degraded. the toxicity of contaminants declines. 
Bioremediation technologies also have certain disadvantages, like the products of 
biodegradation may be more persistent or toxic than the parent compound; since 
biological processes are often specific, they require active and specific microbial 
communities whose success depends on nutrient status of soil, and levels of 
contaminants in the sites to be rernediated: it is a time-consuming process and has 
problems in transferring of success from lab to field environment. Since, 
bioremediation seems to be a good alternative to conventional clean up technologies, 
research in this field is rapidly increasing. However, there is still urgent need of 
molecular engineering of microbes, so that they could be manipulated for better 
performance and wider application under diverse agro-climatic conditions. 
Metal toxicity to plant growth promoting rhizobacteria and microbial process: 
Microbes exist in complex hiogeochemical matrices in subsurface sediments and 
soils. The toxicity of heavy metals to soil microorganisms including PGPR depends 
on their bioavailability. Although heavy metal bioavailability is mainly dependent on 
the soil properties, bacteria can also directly influence the solubility of heavy metals 
by altering their chemical properties. Recently, there has been increasing concern with 
heavy metal contamination, not only because of their toxicity to animals, plants, and 
micro-organisms, but also because they become irreversibly immobilised in soil 
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'l1 houzh. sonic metals (such as. Zn. Cu. Ni and Cr) are essential or beneficial 
nlicronutricnts tier plants. animals and rider(-organisms (Olson ct crl., 2001 ). others 
(e.g.. ('d. I1 and }'h) have no known biological and or physiological functions 
(Gadd. 1992 ). 1 Icy,,\ ever, the higher concentration of these metals has greater clTect can 
the microbial communities in soils in several ways- (1) it may lead to a reduction of 
total microbial biomass (Gilley ei ai.. 199 ) (2) it decreases numbers of specific 
populations (Chaudri ct cc/.. 1 993 ) or (3) it may change the microbial community 
structure ((iray & Smith. 2005). Also, the increased concentrations of toxic metals 
may lead to losses in soil fertility and consequently the yields of plants (Van Assche 
& Clijsters, 1990). Several studies have shown metals adversely influence growth, 
morphology, and activities of microorganisms (Khan & Scullion, 2002), including 
symbiotic N-, fixation (Broos et al.. 2005). These metals exert a selective pressure on 
the organisms, resulting in microbial populations with higher tolerance to metals, but 
with lower diversity (Baath et al., 1998). Heavy metals adversely affect the microbial 
population by inhibiting the various metabolic processes, as shown in (Fig.2). 
Protein 
denaturation 








Pb, Zn, Ni, G 
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Fig. (2): Heavy metal effect on various metabolic processes 
A pot study was conducted to investigate the toxic effects of certain heavy metals on 
the plant growth and grain of wheat (7rlllcum aestivum L.) The results revealed that 
heavy metals brought about significant reductions in both parameters, Cd being the 
most toxic metal followed by Cu, Ni, Zn, Pd and Cr. Moreover, the presence of Cd in 
the soil resulted in the maximum inhibition (84.9%) in the number of free living 
Azotobacter chroococcum cells over control. The phytotoxicity was apparently due to 
the susceptibility of the free living A otobactor chroococcum cells to the toxic doses 
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of heavy metals. Protein content decreased from 19.0-71.4% in metal exposed plants 
at metal concentrations equivalent to those found in polluted soil. Metal uptake by 
grains was directly related to the applied heavy metal with greater concentrations of 
metals found in cases where metals were added separately rather than in 
combinations. The toxic effect on the plant growth, nitrogen content in plant parts, 
and protein in grains, exerted by two metals in combination were not additive, but 
rather only as severe as for the most toxic metal alone (Athar, R. et al., 2002). 
Heavy metal and nitrogen fixing bacteria: 
Considering the importance of legumes in animal and human consumption and their 
use in maintaining soil fertility, some attention has been given to the effects that 
heavy metals exert on Rhi:obiuni legume symbiosis. The greatest quantities of N2 
contributed to legumes are provided by the symbiotic N2-fixing bacteria while non-
leguminous N2- fixing symbiosis also plays an important role in maintaining soil 
fertility. The clover (Trifolium repens L.) sown on the plots previously treated with 
sewage sludge has shown stunted growth and becomes chlorotic whilst the clover 
grown on uncontaminated control plots was healthy and dark-green (McGrath, 1994). 
Examination of clover root systems excavated from the field revealed that roots of 
clover grown on the control plots had normal, large (>3mm), pink nodules whereas 
clover roots from the contaminated plots were covered in small, white nodules; a 
nodulation pattern typical of that found when a legume posses an effective Rhizobiun: 
strain. ('lover when grown on the contaminated plots yielded upto 60% less dry 
matter than the clover grown on the uncontaminated soils (McGrath, 1994). In recent 
times, the toxicity of heavy metals as well as effects of heavy metals on legume plants 
have been documented (lbekwe et al., 1996: Broos et al., 2005). In a study, growth 
and plant growth promoting activities of rhizobia were altered because of high 
concentration of metals (Broos etal., 2004). 
A study was conducted by Smith, (1997) in soils treated with sewage sludge that 
principally contained Cu and Zn and a small concentration of Cd in order to evaluate 
the performance and survival of effective Rhizobium legcuninosarunz bivovar trifolii 
using a plant infection assay for nodulation with white clover. Of these metals Cu and 
Zn potentially reduced the symbiotic N2-fixation in sludge treated soils. Furthermore 
soils samples contaminated with Cu and Zn from past applications of pig slurry were 
also assessed to evaluate their toxicity to other rhizobia. Interestingly the strains of 
Rhio:obium were present in all the soils and supported to the host plant, irrespective 
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of metal concentrations in soil which increased to 300mg Cu kg" and 2000mg Zn kg-
'. In contrast. several soil samples with no indigenous host plant failed to nodulate 
white clover in the infection test but the statistical analysis indicated that this was not 
associated generally with increased metal concentrations in soil or with greater metal 
'availability' measured by soil solution analysis and metal uptake by five-leaf-stage 
barley plants. However, there was some limited evidence implicating Zn in the 
absence of nodulation at one of the sludge-amended sites examined. 
In a study, only a single strain of Rhi=obium leguminosarum survived in the metal 
contaminated plots and this strain failed to fix N, with white clover although it fixed 
N, with Tri/olium subierraneum (Hirsch et al.. 1993). Further studies on sludge field 
trials in Braunschweig showed that increasing sludge rates reduced the number of 
indigenous populations of R. leguminosarunt by. Trifolii to low, or undetectable levels 
(Chaudhri et al.. 1993). Adverse effect of sludge application on rhizobial species and 
concomitant effect on N2 fixation in faha bean (('haudri et al., 2000) and chickpea 
(Yadav & Shukla. 1983) have been reported. There is evidence that suggests that the 
reduction in plant growth and nodule size, and nitrogenase activity in white clover 
were due to Cd. Pb and Zn. when plants were grown in soils highly contaminated with 
these metals (Rother et al.. 1983). In a similar study, a pronounced metal toxicity on 
white clover was confirmed in a sludge treated soil where N2 fixation was halved by 
increasing metal concentrations in soil (Broos et al.. 2005). The response of a lux 
biosensor based on R. legiuninosarum bv. Trifo1il (rhizotoxx-C) was compared with 
more traditional techniques for measuring the presence of effective strains of 
Rhizobium and nitrogen fixation. Although population size, nitrogen fixation and 
biosensor response varied between treatments. In this type of uncontrolled field 
application, the lux bioassay may provide the most useful information as it measures 
toxicity to any microorganism exposed to the soil solution (Horsewell et al., 2003). 
Recently the Rhi:obium-legume symbiotic interaction has been proposed as an 
interesting tool in bioremediation. However, little is known about the effect of most 
common contaminants on this process. The phytotoxic effects of arsenic resistant and 
symbiotically effective Sinorhizobium sp. strain MA 11. The bacteria were able to 
grow on plates containing as concentrations as high as 10mM. Nevertheless, as little 
as 25-35mM as produced a 75% decrease in the total number of nodules, due to a 
90% reduction in the number of rhizobial infections. 
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Heave metals and fungal community: 
Lebedeva & Kanivets, (199 1) studied the microfengal complexes in soil polluted with 
Cu. Zn and Pb. They considered the dominance of phytotoxic microfungi in the 
community of toxin forming fungi as indication of the deterioration of the 
microbiological state of the soil. A. niger, A. terretts, Penicillium corylopilus, P. 
hrniculosum, P. notatum, P. vermicu/ahem and Trichoderma konongii were dominant 
toxin forming fungal species. A study was conducted to monitor the changes in the 
state of micromycetes complexes under the impact of soil pollution caused by fumes 
of Norilsk metallurgical Works in forest-tundra of Taimyr Peninsula, Russia 
(Kirtsideli et al., 1995). A change in the number. biomass, structure of complex, 
species diversity and productivity of micro-organisms (including phytotoxins, 
cellulose destruction etc.) was noticed. 
Toxicity to heavy metals to plants: 
Plants respond differently to the presence of heavy metals in the soil. Some plants 
exclude metals completely by preventing the entry of metals into their systems, while 
some are metal indicators, which accumulate metals in their organs. The toxicity of 
heavy metals varies the genotypes and age and development stages of plants (Shaw & 
Rout, 2002) and depends primarily on the physico-chemical properties of the soil, root 
exudates and concentration of metals in the soils. Moreover differences, in solubility, 
absorbability, transport and chemical reactivity of these metals also lead to variation 
in toxicity to plants (Stohs & Bagchi, 1995). The elevated concentrations of heavy 
metals in agromonic soils, however, adversely affect the different metabolic activities 
of plants; leading thereby to a decrease in overall growth of plants. Toxicity may 
result from the binding of metals to sulphydryl groups of proteins, leading to an 
inhibition of activity or disruption of protein structure (Das et al., 1997) or enzyme 
activity (Tyler et al.. 1989). In addition the elevated concentrations of metals may 
stimulate the formation of free radicals and reactive oxygen species (Fornazier et al., 
2002). 
Presence of heavy metals on plants is a well known fact and has been described by 
many authors. These metals are being released into the environment due to industrial, 
agricultural and mining activities and also from exhaust gases of automobiles. The 
presence of these heavy metals in organisms can cause many diseases even if present 
in very low concentration (Sarkar, 1976). Cadmium has been reported to be 
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phvetotoxic (Page et al.. 1981) and when taken up by animals and human beings 
causes toxicity (Friberg et al.. 1976). 
Lead is found in soil, vegetation, animals, food, water and air in the vicinity of 
highways although its level decreases exponentially with the distance from the road 
(Sharma. 1995). Lead levels in sewage sludge may vary between 2,000 to 8,000 ppm 
and its use as a fertilizer may give rise to subsequent contamination of agricultural 
soil. Lead is an element that has been identified as a potential hazard for the 
microorganisms. plants and animals. Under heavy metal application the enzymes 
cannot function properly and this leads to reduced. Photosynthetic CO, fixation and 
ultimately less starch content (Khan & Khan. 1983; Grigor & Linberg, 1986). 
Williams & David (1976) studied accumulation of Cd residues from phosphatic 
fertilizers and their effects on the Cd content of plants. They reported that cadmium 
can enter the agricultural food chain through uptake by plants naturally present in the 
soil or from anthropogenic inputs via the atmosphere, disposal of sludge on 
agricultural land or from the application of phosphate fertilizer. 
Ham & Dowdy (1977) studied growth and composition of soybean as influenced by 
soil amendments by sewage sludge and heavy metals. The concentrations of metals 
like Ni. Zn and Cd increased in mature seeds. The accumulation of these metals were 
increased with increased sludge applications. Roberts & Johnson (1978) reported that 
the potential harm posed by the uptake of heavy metals such as Cd and Pb by plants 
depended on their abundance, mobility and bioaccumulation. The effect of phytotoxic 
elements like Zn, Cd, Cu elements are widely spread and can reach high levels in the 
soil. They are readily accumulated by plant roots (Foy et al., 1978; Lepp, 1981). 
Schaucer et al.. (1988) reported that bioaccumulation of Cd and Pb from heavy metal 
polluted soil in lettuce and radish. Reyment, (1997) in these studies on sources of 
cadmium in agricultural products reported high cadmium concentration due to the 
inadvertent addition to high rates of Cd as impurities in phosphatic fertilizer, resulting 
in availability of Cd for increased uptake by plants. (Hineshly et al., 1982; Me 
Laughlin et al., 1996). All these factors would have had a major impact on the 
phytoavailability and accumulation of Cd especially in soils with high levels of 
contamination (Stefonov et al., 1995). 
Zinc, is a non-redox micronutrient element, which has key structural and catalytic 
roles in many proteins and enzymes involved in energy metabolism (Stresty & 
Madhava Rao, 1999, Hall & Williams, 2003). Lead is neither an essential nor a 
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beneficial element for plant growth (Alloway. 1995). However, temporal 
accumulation of the heavy metals in waste amended agricultural soils at higher 
concentration can be toxic for plant growth due to their adverse effects on plant 
development and growth (Pahlsson, 1989, Ayaz & Kadioglu, 1997). Growing cereal 
crops on widespread unregulated waste amended agricultural soils may become a 
food security problem because toxic concentration of heavy metals may accumulate in 
the food chain (Mitchell et al., 1978; Algeria et al., 1991; Younas & Shahzad, 1998; 
Munzuroglu & Geckil. 2002) or cause failure of crops. In addition, crops which have 
the ability to tolerate may accumulate greater concentration of heavy metals and 
become environmental and public health issues (Stefanov et al.. 1995; Munzuroglu & 
Geckil. 2002). 
Metal uptake, translocation and accumulation: 
The first interaction of heavy metals with a plant occurs during its uptake of process. 
The degree to which higher plants can take up metal depends on its concentration in 
the soil and bi.oavailability. The uptake of metals by the plant roots depends on — (a) 
diffusion of elements along the concentration gradient (b) root interception, where soil 
volume is displaced by root volume due to root growth and (c) mass flow, transport 
from bulk soil solution along the water potential gradient. Some metals in plants can 
be absorbed by the apical region, while others are taken up by the entire root surface. 
Thereafter metals is transported further into the cells, some are bound to cell wall 
substances. From, apoplast. and some are bound to cell wall substances. From 
apoplast metals further migrate through the plasma membrane into the cytoplasm 
where metal affects the nutrient status of the plants. For instance, the toxic effects of 
chromium are clue to its speciation, which determines its uptake, translocation and 
accumulation (Fig.3). Uptake and accumulation of chromium, by various crops are 
well documented (Peralta et al., 2001; Shanker et al., 2003). When uptake by the root 
is high and the nutrient concentration in the soil is low, element uptake is limited by 
diffusion. Since there are some essential metals, at least the uptake of these ought to 
be regulated. Zinc is transported with zinc transporters, with a higher abundance in Zn 
accumulator species than in non-accumulator species (Lasat et al., 2000). Zinc is also 
known to he actively transported as a free ion across the tonoplast. Other metals (e.g. 
cadmium) easily enter the root trough the cortical tissue and are translocated to the 
above ground tissues (Yang et al., 1998). As soon as Cd enters the roots, it can reach 
the xylem through an apoplastic or symplastic pathway (Salt et al., 1995a), 
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complexed by several tegands. such as organic acids and/or phytochetatins (Salt etal., 
1995b). Normally, cadmium ions are retained in the roots and only a very small 
amount are transported to the shoots. Metal ions are probably taken up into culls by 
membrane transport proteins designed for acquisition of nutrient metals. In a study, 
Cd and Zn have been found to co-exist in aerial parts of Arabidopsis halleri (Bert et 
a)., 2003) plants suggesting that Cd and Zn uptake are genetically correlated and that 
these metals are taken up by the same transporters or that their transporters, when 
different are controlled by common regulators. 
Investigation of bioaccumulation of heavy metals like lead. cadmium and mercury by 
pigeonpea, and important pulse crop of India, were undertaken. The experiments were 
performed to evaluate the extent of accumulation of these metals in the aerial parts of 
the plant. The plants were treated with different concentration of the metals in the 
form of their nitrates_ The treatment was given through soil on alternate days till 
harvesting. The samples for studying bioaccu nulation were collected every week till 
the end. The accumulation of metals in the plants was analysed by atomic absorption 
spectrophotometer. The order of accumulation of these metals for the same treatment 
concentration was found to be Pb>Cd>Hg (Samuel J. Chikile et al.. 2008). 
Germination and dry matter production: 
Seed germination is the first physiological process affected by heavy metals and the 
ability of a seed to germinate in a medium containing heavy metals would be 
indicative of its level of tolerance of metals (Peralta et al., 2001; Shanker et al., 2005). 
A high level of hexavalent chromium (S00pprn) when applied to soil, reduced 
germination by 48% of bush bean (Phaneolus vulgaris) while 40ppm of Cr (VI) 
reduced the germination of lucerne (Medicago saliva cv. alone) by 23% (Peralta et al., 
2001). The reduction in germination under heavy metals stress could he due to the 
depressive effect of these metals on the metabolic activity of roots and on the 
subsequent transport of sugars to the embryos. Protease activity is reported to he 
increased following metal treatment, which could contribute to the reduction in 
germination of metal treated seeds (Zeid, 2001). 
The toxicity of various metals to legume plants or their symbiotic partners (rhizobia) 
varies widely and often compound with the greatest heavy metal activities are the 
most damaging to both and legumes and nodule bacteria (Broos et al., 2005). Heavy 
metals, therefore, affect both the viability of rhizobia (Chaudri et al., 2000) and the 
mechanisms involved in rhizobia-legume symbiosis (tiller et al., 1998). The lower 
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rates of metals when used either singly or in combination, in general, did not affect 
the growth and dry biomass possibly due to release of organic acid along the root 
exudates or pH changes of rhizosphere, which regulate the uptake of metals and the 
metals involved (Jackson et al., 1990; Prasad. 1999). However, when metal 
concentrations become too high, the plant barrier looses its function, probably due to 
the toxic action of metals, and the uptake massively increase. Further, the gowth 
retardation may be due to loss of cellular turgor resulting in decreased mitotic 
activities or inhibition of cell elongation (Prasad. 1999). For instance, though zinc is a 
plant nutrient at low levels, at higher concentrations found in contaminated soils zinc 
ions can be highly phytotoxic (Rout & Das, 2003). In a study, 7.5mM of zinc 
extensively damaged the root cortical cells, caused major changes in the nucleus of 
the root tip cells and consequently. completely inhibited the elongation of pigeonpea 
(cv. ICPL 87) roots (Stresty & Madhava Rao, 1999). Similarly, the adverse effects of 
metals on plant height and shoot growth of legumes are reported (Chaudri et al., 
2000). For example. the shoot length of soybeans was decreased by 12, 15 and 9%, 
for nickel, cadmium and chromium, respectively (Gupta c't al., 2002) while a 30 and 
19°%o decline in greengram by cadmium and lead is reported (Gupta et al., 2005). The 
reduction in the growth roots of following heavy metal applications could be due to 
the inhibition of root cell divisionlroot elongation or due to extension of cell cycle of 
the roots. Further, under high metal concentrations, the reduction in root growth could 
also be due to direct contact of seedlings roots with metal causing a collapse and 
subsequent inability of the roots to absorb water from the growth environment. 
Toxic effects of heavy metals on shoot growth lead to a reduction of dry matter 
production. For example. the effects of heavy metals toxicity on dry matter yield of 
field pea and fodder vetch (Vicia spp.) in contamination soil is reported (Wang etal., 
2002). Similarly. Gupta et al., (2005), found a decline of 14% (cadmium) and 20% 
(lead) in root length of mung bean crop. The root elongation of pigeonpea (('ajanus 
cajan cv. ICPL 87) was completely inhibited after 24 h treatment with 7.5mM Zn. 
They also reported that root cortical cells were extremely damaged and major changes 
took place in the nucleus of the root tip cells treated with 7.5mM zinc (Streasy & 
Madhava Rao, 1999). Moreover, when two metals are used in combination, the 
phytotoxicity could either increase (synergistic/additive effect) or decrease 
(antagonistic effect). The lesser toxicity of following combined metal application 
could be due to the antagonistic effect of one metal. For example, zinc and cadmium 
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have many physical and chemical similarities as they both belong to group II of the 
periodic table. They are usually found together in the ores and compete with each 
other for various ligands. Thus, interaction between zinc and cadmium in the 
biological system is likely to be similar. The fact that Cd is a toxic heavy metal and 
7n is an essential element which makes this association as it raises the possibility that 
the toxic effects of cadmium may be preventable or tolerable by zinc. 
Heavy metals and plant community structure: 
Anthropogenic pollutants enter the environment in a variety of ways, which include 
mining, metal smelting, electroplating, gas exhaust, energy and fuel production, down 
wash from lines, intensive agriculture, power transmission, sludge dumping and 
military operations (Kumar et al., 1995: Nedelkoska & Doran, 2000). These 
anthropogenic pollutants include a variety of chemicals like heavy metals, phenolics, 
dust, oxides of sulphur, nitrogen and carbon, agricultural runoff, pesticides and 
organic explosives (Muller et al., 1989; Van Asche & Clijsters, 1990). This 
contamination may result from mining operations, ore smelting, electroplating 
industry, use of heavy metal based dyes in dyeing and tanning industry, application of 
heavy metal containing pesticides, dumping of scrap metal and probably ship 
breakage industry. 
Heavy metals are natural components of lithosphere. Soil or water, which contain 
heavy metals in excess of natural concentrations, are said to be heavy metal 
contaminated. Heavy metals are generally toxic above a threshold level and can he 
transferred to and concentrated in plant tissues from the soil media. Their toxicity to 
plants manifers itself in various ways become a health hazard to man and animals. 
The threshold level up to which animals and plants can tolerate heavy metals varies 
with organisms and heavy metal ion species. Beyond the threshold level and even 
over a narrow range, heavy metals become toxic (Babich & Stotzky, 1980; Babich et 
al., 1982). Moreover, these toxic metals adversely affect natural microbial populations 
leading to the disruption of vital ecological balance (Sterritt & Lester, 1980; Nriagu & 
Nieboer, 1988). 
The excess concentrations of some heavy metals in soil such as Cd(II), Cr(VI), 
Cu(ll), Ni(III) and Zn(II) have caused the disruption of natural aquatic and terrestrial 
ecosystems (Gardea Torresdey et al., 1996; Meagher, 2000). 
In a study impact of heavy metals on plant diversity near a nickel-copper smelter in 
Kola Peninsula Russia, Koptsik et al., (2003) observed that the number, height and 
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diameter of living trees and the crown density decreased towards the pollution source 
while the number of dead standing trees increased close to smelter. Elevated 
concentrations of Ni, Cu and S were found in the pine needles. The abundance of 
dwarf shrubs and lichens decreased with increase in metal deposition. Species 
richness declined from 13 to 5 per 1001112, the cover from 100-20% and the phytomass 
decreased from 1.0 to 0.15 kg'm2. Dwarf shrubs were found to be more stable while 
lichens like Cladina stellaris and C ladonia rangiferina ware more sensitive to SO2 or 
metals and did not occur in close vicinity of smelter. Variability in above ground 
phytomass and percent cover increased towards the smelter resulting in the formation 
of large barren patches. 
Heavy metals and plant growth: 
Elevated heavy metal concentrations in the soil can also influence crop growth. At 
higher concentrations they interfere with metabolic processes and inhibit growth, 
sometimes act as stressors, leading to plant death (Baker et al., 1976; Hoffmann, 
1983; Baker, 1987; Schaller & Dicz. 1991). Consequently, quality standards were 
established that determine threshold value of maximum heavy metal concentrations 
allowed in the plant tissue. The transfer of heavy metals soil to plants is dependent on 
three factors (Brummer et al., 1986): (1) The total amount of potentially available 
elements (quality factor). (2) The activity as well as the ionic rations of elements in 
the soil solution (intensity factor), and (3) The rate of element transfer from solid to 
liquid phase and plant roots (reaction kinetic). 
The absorption of metals from the soil by plants is influenced by a variety of factors 
including pH, temperature, soil solution concentrations, the cation exchange capacity 
of the soil, organic matter content of the soil, the type and concentration of metal and 
the species of plants (Antosiewicz, 1992; Salim et al., 1993). The metals enter the soil 
in the form of dissolved ions andmove with the inflow of water appoplastically 
through the root hairs and into the cortex and are then translocated to other parts of 
plants (Punt & Sieghardt. 1993). 
The levels of metals found in plants are often correlated to the levels present in the 
environment (Vesk & Allaway. 1997). Salim et al., (199 3) showed that the 
concentrations of different heavy metals like lead, cadmium, copper increased in 
radish plants (Raphanus sativus) when treated with increasing concentrations of these 
metals. Imran et al., (2007) also showed the similar results for aluminium and 
cadmium in soybean (Glycine max). 
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Griffith, (1975) reported that cadmium inhibited the production of chlorophyll and 
affected the synthesis of amino acids and the protochloropyllide reductase ternary 
complex with its substrate. I.ee et al., (1976a) observed decreased activity of 
hydrolytic enzymes in soybean plants treated with Cd. Strong inhibition of 
chlorophyll synthesis and accumulation of protochlorophyll has been observed in 
Chlorella vu/gm-is (De Fillippis & Pallgy, 1976) and Euglena gracilis (De Filippis et 
al., 1981) gown in a medium containing Cd. Chorophyll biosynthesis inhibited by 
heavy metals in intact higher plants (Baszinsky of al., 1980; Prasad & Prasad, 1987) 
as well as in algae ((De Filippis & Pallgy, 1976) (De Filippis, Hampp & Ziegler, 
1981). The process of pliotoporylation has also proved to he extremely sensitive to 
excess of metal ions in vitro (Clysters & Van Assche, 1985), lower levels of 
photosynthetic ATP production (Baszinsky et al.. 1980). 
A study carried out on toxic effects of cadmium nitrate on chlorophyll content of 
soybean and pigconpea for two crop season. The concentration of studied were 0.01M 
and 0.0001M. Chlorophyll content markedly decreased in all the treated plants and the 
decline was directly related to the concentration. (Samuel 1. Chikille et al., 2008). 
Ham & Dowdy (1977) studied growth and composition of soybean as influenced by 
soil amendments by sewage sludge and heavy metals. The concentrations of metals 
like Ni, Zn and Cd increased in mature seeds. The accumulation of these metals were 
increased with increased sludge applications. Roberts & Johnson (1978) reported that 
the potential harm posed by the uptake of heavy metals such as Cd and Pb by plants 
depended on their abundance, mobility and bioaccumulation. The effect of phytotoxic 
elements like Zn, Cd, Cu elements are widely spread and can reach high levels in the 
soil. They are readily accumulated by plant roots (Foy, Chaney & White, 1978; Lcpp, 
1981). 
Germination: 
Application of hexavalent chromium to germination green gram (Vigna radiate L. 
wilczek var. K851) seeds (Panda & Khan, 2002), decreased the gennination at higher 
concentrations. Increase in Cr concentrations uniformly increased protein content 
indicating inhibition of protein hydrolysis and a decrease in prolinc content was 
observed. 
Root and shoot growth: 
Decline in shoot and root length is a well-documented response of plants to heavy 
metals (Breckel, 1991; Goldbold & Kettner, 1991; Rout of al., 1997; Tang et al., 
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2001). Different heavy metals affect various plant species differently (Prasad et al., 
2001). 
Karagtagiis (1987) studied the toxic effects of different heavy metals on the root 
growth inhibition in Greek wheat (Tritikum aesaium ev. vergina). The order of metal 
toxicity revealed was: copper>nickel>zinc%lead>cadmium>aluminium>iron. The 
effect of magnesium and manganese concentrations showed little effect on root 
growth on seedlings, which displayed no symptoms of chlorosis. Grubiuger et at., 
(1994) observed plant growth inhibition in Swiss chard (Beta vulgaris subsp. cficla) 
plants grown on soil amended with 10 % and 15% rates of tannery waste. 
The cadmium uptake by rice plants (Oryza sativa) on soil treated with different 
cadmium compounds revealed that the cadmium content of unpolished rice grown in 
soil treated with 5Oppm cadmium varied with the cadmium compounds applied 
(Muramoto et a)., 1991) and decreased in following order: cadmium chloride 
semipenthahydrate, cadmium bromide teterahydratc, followed by cadmium acetate 
dehydrate, cadmium oxide, cadmium cyanide. cadmium hydroxide, cadmium sulphide 
and cadmium carbonate. Treatment with cadmium iodide resulted in growth failure 
because of root tissue due to combined toxicity of cadmium and iodide ions. 
Oreger et al., (1991) studied the effect of acute dose of cadmium (single dose el al., 
relatively higher concentrations) and chronic dose (daily increments of 0.15 or 0.20 
mµmol) on sugar beet seedlings (Beta vulgaris L. cv monohi(l) grown on a nutrient 
solution for 14 days. Cadmium caused growth retardation and increased rootiwhnle 
plant ratio. The effects of cadmium were related to Cd`' in the proportion both to the 
root absorption area ant to the nutrient concentration. 
Germination, initial growth, root development and metal accumulation by seedlings 
was studied in Juncus acutus treated with various concentrations of lead nitrate, 
copper sulphate and cadmium chloride (Stefani et al., 1991). Germination was 
unaffected by all tested metals. Initial growth was strongly inhibited by relatively 
higher concentrations of lead nitrate as compared to CuSoa and CdCl2. The root 
inhibition was more pronounced than the shoot and failed to develop at all tested 
concentrations of CuSO4. Seedlings metal accumulation varied from 55% to 98% of 
the metals present in the culture solution. However, the accumulation of Cd in 
seedlings was higher than that of lead and copper. 
Goldbold & Kettncr (1991) studied the effects of aluminium and lead toxicity, either 
supplied singly or in combination, on root elongation in Picea abies. Exposure to 50, 
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100, or 800miM, aluminium inhibited root elongation was observed in 50 and 
200mpM treatments after 5 or 8 days respectively. At higher aluminium supply (800 
or 1200mpM) root elongation was inhibited over the duration of experiment. 
Relatively low levels of lead (0.5-2.0µM) also inhibited root elongation and no 
recovery was observed. Inhibition of root elongation by lead was lessened by the 
presence of aluminium. 
Gorlach & Garnbus (1989) studied the effects of five heavy metals (cadmium, copper, 
nickel, lead and zinc) on Italian Ryegrass (Loliurn multiflorum). Only copper 
(120mgikg of soil) and zinc (320 mg/kg of soil) caused some disturbances in the 
growth. Copper caused a decrease in yield, while copper and zinc caused a decrease in 
root mass. Combined application of five metals considerably increased the toxicity of 
Cu and Zn. 
Gahhrielli et al., (1990) studied the effects of nickel on two on two serpentine species 
Silene italica and .4hvssum bertolonii. The former species showed root growth 
inhibition and depressed mitotic activity in root tips at 7.5mM concentration. A. 
bertolonii remained unaffected by the same treatment. In A. bertolonii, the same 
calcium concentration reduced root growth. confining the adaptation of this species 
to low calcium concentration, typical of serpentines. 
In a study of root growth, mitotic activity and polypeptide pattern in the roots of 
Lupinus leuteus in presence of increasing concentrations of lead (Przymusinski et al., 
1991) an inhibition of root growth and reduced mitotic activity were observed. The 
most interesting observation was that Pb2 quickly and selectively promoted the 
synthesis of some polypeptides while the production of others was reduced. 
Lee ei al., (1991) determined the growth and concentrations of 17 elements in current 
year foliage of Pinus radiata in a plantation on ultramafic soil. Correlation 
coefficients and multiple regressions of element concentrations against tree height 
indicated that copper was one of the main elements influencing P. radiata growth. 
De-Vos et al., (1991) studied the relationship between copper tolerance and effect of 
copper on the plasmalemma of root cells using plants from one copper sensitive and 
two copper tolerant populations of Silene cucubalus. It was shown that the damage to 
the permeability barrier of root cells constitutes the primary effect of copper toxicity 
in sensitive plants and that copper tolerance is coupled to the ability of the plants to 
prevent such damage. This ability might depend on exclusion of copper by the root 
cell plasmalemma. 
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lqbal et al., (2001) demonstrated a significant reducation in shoot length elongation 
and germination of Caeselpinia pulcherrima in response to chromium treatment. 
Gupta et al., (2005) treated Brassia junea cv RH 30 with increasing doses of 
chromium (VI) (0.5, 1.0, 2.0 4.0, 5.0, 7.5 and 10.Oppm). The plants treated with 7.5 
and I O.Oppm concentrations showed 100% mortality within a week. Cr concentrations 
from 0.5-5.Oppm inhibition the plant height, number of fruits, number of seeds per 
siliqua and seed yield per plant. A deterioration of oil quality was also observed as the 
treatments increased the erucic acid contents while the oleic, linoleic and linoleic 
contents decreased. 
Khan et al., (2003) studied the impact of different Cr (0.0, 0.5, 0.8, 1.0. 2.0. and 
4.Oppm) and Cu (0.0, 0.2, 0.5, 0.8 and 1.0 ppm) concentrations on growth of maize 
(Zea mat's L. cv barnali). At highest concentrations of Cu (1.Oppm) and Cr (4.Oppm), 
the dry weight of root and shoot decreased by 82% and 65% for Cu and 82% and 68% 
for Cr, respectively. 
Samantaray & Deo (2004) studied the effect of different concentrations (0.0, 24.0, 
48.0, 96.0, 192.0, and 384.Om}rM) of hexavalent chromium (K2Cr?O7) on root and 
shoot of mung bean (Vigna radiata cv. PDM-54) grown in hydroponic culture. No 
concentration was found to adversely effect the shoot elongation but root did not 
develop at 192mtM Cr. 
Zhou-Xigin & Ji-Qiahua (2005) recorded gradual decrease in seed germination rate, 
plant height, root length, fresh weight and dry seedling biomass with increasing 
biomass with increasing CrC13 concentration in Zea mays. 
Scoccianti et al., (2006) studied the toxicity of Cr (III) in celery (Apium graveolens) 
seedlings and showed that Cr (III) induces deleterious effects on the seedling 
development morphology. Varied concentrations (from 0.01-10.0mM) increasingly 
inhibited seedling germination and hypocotyls elongation or completely blocked 
hypercptylod elongation (10.0inM). while the root apparatus was damaged at the 
lowest dose. 
Wani et al., (2007a) studied the impact of heavy metal toxicity on chickpea (Cicer 
arietinum L.). Cadmium at 23.0 mg/kg soil, when used alone or in combination with 
other metals, was found to be the most toxic and significantly reduced the plant 
growth. nodulation, chlorophyll content and root and shoot N contents. The flowering 
was also delayed following the metal application. The degree of toxicity on measured 
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parameters decreased in the following order: cadmium, zinc, nickel, copper. 
chromium and lead. 
Garcia et al., (2006) studied the impact of metal-ion contaminants (Cd, Cu, Pb and 
Zn) on sunflower (Helianthus annutrs L.). Decrease in height and mass by 35% and 
40% respectively in comparison to control was observed. 
In a study of combined effects of Cd2+ (0.0, 10.0, 100.0, 500.Ompmol/L), acetochlor 
(AC) (0.0, 1.6, 4.0, 8.Ompmol/L) and bensulfuronmethyl (BSM) (0.0, 0.16, 0.40, 
0.80mpmol- L) on rice (Oryza sativa L.) cultivar Jinyou 402 (Huang et al., 2006), it 
was observed that combined application of Cd and AC significantly inhibited the 
growth of the roots and shoots. The root dry weight/shoot dry weight (RDW/SDW) 
ratio, total chlorophyll content and chlorophyll a/b ratio decreased by 41%, 50%. 56% 
respectively, in comparison to control. Plant dry weight/plant fresh weight 
(PDW/PFW) ratio increased by 284% and 84% respectively. The application of 
combined treatment of Cd and BSM showed the similar results. The results suggest 
that the combination with herbicides enhanced the toxicity of Cd to rice seedlings. 
Mediouni cat al., (2006) studied tomato seedlings, cultivated in nutrient solution 
supplemented with increasing concentrations of CdC12 or CuSO4 from 0.0 to 
50.OcnjM. After 7- days of treatment, it was observed that Cu and Cd, decreased 
tomato growth, notably at high Cu levels. 
Jain & Srivastava (2006) studied the effects of various concentrations of Cd (0.0, 0.5, 
10.0, 100.0. 200.Oppm as cadmium chloride) on sugarcane (Sachharum officinarum 
Hybrids COLK 8102 and COJ 64). All cadmium concentrations resulted in decrease 
in most of the growth parameters studied i.e., leaf number, leaf area, plant height, leaf 
width, fresh and dry weight of different plant parts. 
Shute & Mactie (2006) studied the effects of Cd and Zn on soybean { Glycine max 
(L.) Merr. } either separately or in combination. Highest dose of Cd (100.Omg/kg of 
soil) reduced plant height and dry weight down to 40% and 34% of control, 
respectively and the highest dose of Zn (2000.0mg/kg of soil) reduced plant height to 
55% and plant dry weight to 70° % of control. Combined applications of the two metals 
elicited approximately similar response. 
Khan & Siddhu (2006) studied the phytotoxic effects of Cd on urdbean { Vigna mungo 
(L.) Hepper} 10(-2) M concentration showed significant decrease in germination 
relative index (G.R.I.), length and dry weight of root and shoot, nodule number and 
chlorophyll content while 10(-8)M concentration was slightly promotive over control. 
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Prestes & Caires (2005) studied the effects of molybdenum and cobalt on soybean 
seeds. Application of Mo resulted in decrese in Fe content in the leaves but did not 
affect soybean yield. Co application resulted in significant linear decrease in plant 
height, leaf concentration of Zn and grain yield. 
Fuentes er al., (2007) studied the effects of three heavy metals (Cu, Ni, and Zn) on 
four Mediterranean woody seedlings (Pinus halepensis, Pisticia lentiscus, Jun iperus 
on•cedrus and Rhamnus alaternus). Application of varying concentrations of heavy 
metals (0.048, 1.0 and 4.0m.M of Cu; 0.0, 25.0 and 50.0mjM of Ni; and 0.073, 25.0 
and 100.0m jM of Zn) in a hydroponic sand silica culture for 12 weeks. The 
intermediate concentrations enhanced biomass accumulation, whereas the highest 
concentrations resulted in reduction in biomass. Decrease in shoot biomass resulted at 
internal concentrations of ranging from 25.0 to 128.0mpgig of Cu. Rhamnus 
alaternus and Jcniiperus oxvicedrus showed higher sensitivity to Cu and Zn than Pinus 
halepensis and Pistacia lentiscus. 
Plant biomass: 
Mehla et al., (1989) studied the Cd and Zn interaction in sorghum. In screen house 
experiment using 0.0, 5.0. 10.0, 20.0, 40.0, and 80.Oppm Cd and 0.0, 5.0, 10.0, 20.0, 
40.0, 60.0 and 80.Oppm Zn, the dry matter yield of sorghum decreased markedly and 
consistently due to Cd application, while Zn had favorable effect. The dry matter 
yield decreased linearly with Cd content and an increase of 1.0 ppm Cd concentration 
in shoot caused a reduction of 0, 0668 to 1.857g/pot dry weight depending on Zn 
supply. 
Dang et al., (1990) evaluated the yield of onion (Allium cepa) and fenugreek 
(Ti-igonela foentmi-graecum) as affected by the applications of cadmium, nickel, lead 
and zinc at the rate of 0.0, 50.0, 100.0, 200.0 and 400.0mg/kg of soil. Cd was found to 
be the most toxic as it drastically reduced the fresh and dry weights of both crops at 
50.0mg/kg soil. Onion was more tolerant to heavy metals as compared with 
fenugreek. 
Chao & Wang, (1990) studied the effect of various concentrations of Zn, Cu, Ni, Cr, 
Pb and Cd on growth and mycorrhizal infection of roots of maize (Zea mans). A 
reduction in length and dry biomass of infected roots was observed. 
Iybal et al., (1991) reported a significant reduction in seed germination of Leucaena 
leucocephala, Samanea saman amd Dalergia sissoo with increasing concentrations of 
Cd. Maximum germination inhibition was recorded in Dalbergia sissoo. Seedling 
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length and biomass also showed same trend. Application of excess aluminium to 
young trees of Pinus nigra var. Maritime (Boxman et al., 1991) resulted in a 
simultaneous reduction of root and shoot biomass, decline of fine root system, an 
increase in the coarse/fine root ratio and a decrease in the degree of mycorrhizal 
infection. Reduction in the uptake of divalent cations (Ca, Mg, Fe, Mn and Zn) was 
also recorded. 
Plant yield: 
Gupta & Potalia (1990) studied the impact of Cd and Zn on the yield of wheat. Zn 
application enhanced grain and straw yields and Cd application reduced yields 
drastically. Muramoto et al., (1990) compared the sensitivity of wheat and rice to 
cadmium in the form of cadmium oxide. Application of Cd at 30.Oppm decreased 
wheat yield by 30.0% while same treatment caused only 8.0% reduction in yield of 
rice plants. 
In a study of effect of Ni enriched sewage water on the yield of corn (Zea mays) 
Narwal et al., (1991) found that lower levels of nickel enhanced the corn yield. Ni 
levels reduced the yield sharply. Maximum loss occurred at 200.Oppm Ni. 
Sharma et al., (2003) studied the effect of chromium in Zea mays L. cv Ganga 5. They 
observed visible lesions of interveinal chlorosis, viel clearing in young leaves and 
papery appearance of leaves. Reduction in both chlorophyll a and chlorophyll b was 
observed. The activities of ribonuclease and phenylphosphatase were grater in Cr 
exposed plants but the activity of Feporphyrin enzyme catalase and amylase was low. 
Reduction in soluble protein content was observed. Decline in grain production and 
quality was noticed. 
Equitability change in a community to HM contamination has so far received little 
attention and most of the work is related to soil microbes, fungi and aquatic organisms 
(Sterrit & Lester, 1980; Nriagu & Nieboer, 1988; Brynhildsen & Rosswall, 1997; 
Coccetti & Lee, 1979; Rai et al., 1990; Shehata et al., 1999; Soldo & Behra, 2000; 
Paulsson et al., 2000; Gold et al., 2002; Cunningham et al., 2005; Lebedeva & 
Kanivets, 1999; Kirtsideli et al., 1995: Kelly & Tate, 1998; Pennanen et al., 1998; 
Kelly et al., 1999 etc. and many others cited in review of literature.). 
Metals affecting symbiotic traits: 
The formation of nodules on the root systems of legume plants through their host 
specific rhizobial partners is an important aspect of Iegume-Rhizobium symbiosis for 
making N available to legumes. The proper development and function of root nodules 
65 
and nitrogen fixation however, appears to be hindered by the metal application 
(Zahran, 1999). There are several possibilities as to why these effects are seen- (a) one 
or more of the metals present might have prevented the formation of effectively N2 
fixing nodules by effective Rhizobium strains present in the soil (Giller et al., 1993) or 
(b) the metal application might have resulted in the elimination of effective Rhizobium 
strains from the soil (Broos et al., 2004) and as a result, indirectly affected the 
nitrogen fixation (Chaudri et al., 2000). Giller et al. (1998) also concluded that clover 
rhizobia are far more sensitive to the toxic effects of heavy metals than are their host 
plant. The toxic effect of heavy metals on nitrogen fixation is, according to Giller et 
al., (1998), clearly due to the toxicity to rhizobia in the soil, which results in their 
gradual extinction. Further, the reduction in nodulation following metal application 
may be due to damage to root hairs and some effects associated with plant inducer 
and Rhizobitem (Ibekwe et al., 1996; Katanda et al., 2007) or nodule structure. The 
damaged root system as a result of metal toxicity is supposed to be the reason for the 
lack of proper nodule formation. Apparently. normal bacteroids in these studies were 
found densely packed in central cells of the nodule, which was surrounded by an 
intact peribacteroid membrane and infection thread could be seen clearly in the 
meristematic region of the nodules. The symbiosis therefore, must fail to be effective 
due to incompatibility at a later stage of the process of infection and nodule 
development after bacteroid formation. In other study, the cadmium had greatest toxic 
effect on the nodulation when it was added to the soil either alone or in multiple metal 
combinations. Moreover, it is believed that metals not only decrease the size of 
Rhi:obium population but also the genetic diversity including the spontaneous loss of 
symbiotic plasmids (Cassella et al., 1988), which would result in the loss of the ability 
of rhizobia to nodule legumes, as the genes necessary for nodulation are present on 
this plasmid bands per isolate (Lakzian et al., 2002). Hence, it appeared that plasmids 
were involved in metal tolerance of rhizobia but the function of these plasmids is, 
however, unclear. Similar evidence of toxicity of metals on nodulation in other 
legumes are reported (Chaudri et al., 1993; Katanda et al., 2007). Furthermore, an 
indicator of nodule activity is the presence of leghcmoglobin (LHb). an iron 
containing protein similar to human haemoglobin, which binds to 02. The LHb 
facilitates the 02 diffusion throughout the interior of the nodule, while bacteriods 
require 02 to maintain metabolic function and thus LHb affect the entire system of N2 
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fixation. It has been reported that metals adversely affect the synthesis of LHb, and 
reduce the nitrogenase activity as well (Skujins et al., 1986; Chaudri et al., 2000). 
Seed Yield: 
Legumes were grown in soils contaminated with heavy metals have been shown to be 
adversely affected in terms of grain yield as well. However, there are conflicting 
reports on the effect of metals on grain production in legumes. For instance, the 
increase in grain yield in chickpea, pigeonpea, summer moong and lentil following 
waste water irrigation, having chromium, copper, nickel, lead, and zinc, have been 
reported (Aziz et al., 1996). However, this finding cannot he compared with other 
results because the refinery wastewater used for irrigation purpose for these legume 
crops had the essential nutrients (g/l): N2.63 ; P 0.59; S 89; Ca 43.15; K 9; Mg 58.62, 
chlorides 127.4 and some of the niicronutrients, that might have contributed to 
increase in growth of these legumes and consequently the grain yields. Increase in 
grain yield following application of certain metals (chromium and lead) could be due 
to tolerance of these metals (Purchase & Miles, 2001). Furthermore, the mixtures of 
metals are reported to have shown a strong effect on growth, nodulation and seed 
yield of legumes and have been found far more superior than the single metal 
application suggesting synergism beyond simple additive effects. In this context, 
various concentrations can occur when plants are exposed to unfavourable 
concentration of more than one heavy metals. Such combinations could some time 
exhibit additive, synergistic or antagonistic effects of metals for common sites on the 
surface of the cell with more efficient competitors preventing the uptake of other 
metal. Both synergistic and antagonistic effects of metals and their consequent effect 
on grain yield of legumes have been reported (Chaoui et al., 1997). The reduction in 
seed yield following heavy metal application has in general been attributed to the 
effects of metals on the proliferation of roots and shoots (Ibekwe et al., 1996). The 
reduction in roots and shoots then lead to the suppressive effect on dry matter 
production and consequently the seed yield (Bisessar et al., 1983; Aziz et al., 1996). 
Moreover, the heavy metals are known to affect not only the quantity of grains of 
various legumes, but they are also known to adversely affect the quality (protein) of 
seeds. 
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Heavy metal and physiological processes: 
1. Cell wall and plasma membrane: 
(a) 	Roots of the various plants including legumes are to first organ that is directly 
exposed to the metals in soils and hence, is the target of toxicity or provide tolerance 
to plants. The interaction of the metals with cell wall has been reported (Ernst et al., 
1990) but the binding properties and its role in mechanism of metal tolerance have 
been controversial (Verkleij & Schat, 1990). Most of the cell wall-associated heavy 
metals bind to polygalacturonic acids, to which the affinity of metal ions vary 
considerably (Ersnt et al., 1992). Though a variety of metal detoxification 
mechanisms exist in plants, often the plasma membrane is the target (Chaoui et al., 
1997). The metal induce changes in membrane lipids both qualitatively and 
quantitatively in turn alter not only the membrane structure and function, but also the 
other cellular processes (Fig. 3). Some of these changes, however, provide protection 
to the plants against the toxicity to heavy metals. Such toxicity could result from 
various mechanisms including the oxidation and cross linking of protein thiols, 
inhibition of key membrane lipids (Mchrag, 1993). Among these, ATPase plays a 
significant role in the adaptation of plants to heavy metal conditions (Dietz et al., 
2001). Among different metal affecting plasma membrane was suggested by Zaccheo 
el al., (1982). The inhibition of ATPase activity is suggested to be due to the 
disruption of the membrane by free redical generated under metal stress. The decrease 
in ATPase activity in turn causes a decrease in proton extrusion which leads to a 
decrease in the transport activities of the root plasma membrane. Leading to a 
reduction in the uptake of nutrient elements. Moreover, it is also likely that chromium 
may interfere with the mechanism controlling the intercellular pH; this possibility is 
supported by the fact that chromium could be reduced in the cells thereby utilizing the 
protons (Zaccheo et al., 1985). Generally the chromium stress can induce the 
following metabolic modification in plants- (1) alteration in the production of 
pigments (e.g., chlorophyll) (2) increased production of metabolites (e.g., glutathione, 
ascorbic acid ) as a direct response to metal stress which may cause damage to the 
plants. Among the other metals, cadmium and copper have been found to adversely 
affect the lipid composition of membranes (Quartacci et al., 2001). Moreover, 
cadmium treatment has also been shown to reduce ATPase activity of the plasma 
membrane fraction of roots (Fodor et al., 1995). 
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Fig. (3): Heavy metal induced membrane changes play a major role in plant growth 
b) 	Lipid perixidation: 
In addition to metal induced changes in fatty acid composition of membranes, 
membrane injury is also related often to an increased pre-oxidation of membrane 
lipids, due to the action of highly toxic free radicals. Several metal ions cause 
peroxidation of lipids of both the plasma membrane and chloroplast membrane 
(Hernandez & Cooke, 1997). As a result of this activity, the amount of reactive 
oxygen species (ROS) increases. Among metals, increased lipid peroxidation has been 
observed with cadmium, aluminium, copper and zinc (Chaoui et al., 1997), and 
arsenate (Hartley Whitaker et al., 2001 a). In general, the iron and copper compounds 
generates more free radicals and increase the peroxidation (Price & Hendry. 1991). 
Thus, membrane dysfunction induced by metals could be due to changes in the 
membrane structure and peroxidation by disorganizing the membrane structure while 
Al and Cu ions initiate the peroxidation reaction by generating free radicals (Wecky 
& Clijsters, 1996). The increased lipid peroxidation is therefore, considered oxidative 
stress. Besides their role in altering the structure of membrane, the increased lipid 
peroxidation also changes membrane properties, such as fluidity and permeability and 
modulates the activities of membrane-bound ATPases (Shewfelt & Erickson. 1991). 
Generally. peroxidation of membrane lipids is a chain reaction in which unsaturated 
fatty acids are converted stepwise into various small hydrocarbon fragments. such as 
malondialdehyde (Kappus, 1985). The lipid peroxidation processes and the resulting 
substances in turn severely affect the functioning of the plasma membrane and finally 
lead to the cells (Kappus. 1985). 
(c) Photosynthesis: 
When up taken by the plants, heavy metals can result in a wide variety of toxic effects 
including the effect of photosynthetic apparatus. It is generally believed that the toxic 
metals react with the photosynthetic apparatus at various levels of organization and 
architecture leading to (i) accumulation of metals in leaves (ii) metal interaction with 
cytosolic enzymes and organics (iii) alteration of the functions of chloroplast 
membrane and partitioning in leaf tissues like stomata, mesophyll and bundle sheath 
(iv) supra molecular level action particularly on photosystem 1, 1I, membrane acyl 
liquids and carrier proteins in vascular tissues and (v) molecular level interactions, 
particularly with photosynthetic carbon reduction (PCR) cycle enzymes, xanthophylls 
cycle and adenylates (Prasad, 1999). The elevated concentration of metals are 
reported to significantly affect the photosynthetic pigments (Zeid, 2001; Bibi & 
Hussain. 2005) and the photosynthetic process, like those involved in the reduction of 
carbon, when legumes are grown in heavy metal contaminated soils. Similarly, excess 
concentrations of copper modified the ultrastructure of chloroplast in runner beans 
(Phaseolus coccineus L.) (Maksymiec et al.. 1995) while reduction in photosynthetic 
pigments (chlorophyll) following metal application in various legumes is reported 
(Mysliwa-Kurdziel & Stratka, 2002a). The decrease in the chlorophyll a/b ratio 
(Shanker, 2003) following chromium application has been suggested due to the 
destabilization and degradation of the proteins of the peripheral part. The inactivation 
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of enzymes involved in the chlorophyll biosynthetic pathway could thus contribute to 
the general reduction in chlorophyll content in most plants including legumes under 
heavy metal stress. However, the majority of reports on the impact of heavy metals on 
photosystem 1I activity have been observed for Cdr ' and CU2, . whereas Cd2- affects 
both the PS II reaction center and the light harvesting complex (LHC) and cause an 
inefficient energy transfer from the LHC to the reaction center. Generally, enzymes, 
of the PCR cycle are inhibited under heavy metal stress and the key steps of the 
Calvin cycle- (i) carboxylation, (ii) reduction and (iii) regeneration, have been found 
to be affected by heavy metals, the first step being the most sensitive one. Among the 
metals, cadmium exerts its toxicity through membrane damage and inactivation of 
enzymes, possibly through reaction with sulthydryl groups of proteins (Fuhrcr, 1988) 
as reported for Pb2+, Cd2-. Zn2 and Cu' (Van Assche & Clijsters, 1990). In some 
cases, heavy metal toxicity is however, reflected by an increase in the activity of these 
enzymes; for instance, malic enzyme. Glucose-6-phosphate dehydrogenase and 
peroxidise in a leaf. Cadmium has been the most intensively studied inhibitor of dark 
reactions of photosynthesis (Krupa, 1999). It was shown in isolated protoplasts treated 
with Cd2+ at an early growth stage. However, in older plants. the activity of rubisco 
was not affected. They concluded that the reduction in photosynthesis was due to 
decrease in chlorophyll content, effects on stoniatal conductance and the electron 
transport system. In other in vitro study, Cd2. treatment changed the structure of 
rubisco and resulted in dissociation of its small subunits (Stiborova, 1988). 
Remediation of heavy metal contaminates sites: 
Mechanism of heavy metal resistance in plant growth promoting rhizobacteria: 
Microorganisms have developed several efficient mechanisms, which can immobilize, 
mobilize or transform heavy metals rendering them inactive. These mechanisms can 
be grouped into five categories: (i) extracellular precipitation, (ii) intercellular 
accumulation, (iii) oxidation and reduction reaction, (iv) methylation and 
demethylation, and (v) extracellular binding and cotnplexation (Kao et al., 2006; 
Umrania, 2006; De et al., 2008). Almost all known bacterial resistance mechanisms 
are encoded on plasmids and transposons and it is probably by gene transfer or 
spontaneous mutation that bacteria acquire their resistance to heavy metals. For 
example, in Gram-negative bacteria (e.g. Ralstonia eutropha), the czc system is 
responsible for the resistance to Cd, Zn and Co. The czc-genes encode for a caption-
proton antiporter (CzcABC), which exports Cd. Zn and Co. A similar mechanism, 
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called ncc system, has been found in Alcaligens sylososidans which is resistant to Ni, 
Cd and Co. On the contrary, the Cd resistance mechanism in Cram- positive bacteria 
(e.g. Staphylococcus, Bacillus or Listeria) is through Cd-efflux ATPase. The two 
most well studied Cu resistance systems are cop observed in Pseudornonas syringae 
p-. Tomato and pec in &seherichia colt. The cop genes encode for different Cu 
binding proteins, which allow the sequestration of Cu in the periplasm or in the outer 
membrane. In contrast, the pco system is expected to be an ion-dependent Cu 
andporter (Kunito et al., 1997). The bacterial resistance properties can be used for 
different purposes. For example, in the case of mercury pollution, the insertion of the 
microbial mercury reductase in a transgenic plant improved significantly the 
phytoextraction process (Heaton et al., 1998). Another example was the inoculation of 
heavy metal resistant bacteria in a contaminated soil that seemed to protect the 
indigenous sensitive-ammonia-oxidising bacteria from metal toxicity (Stephen or al., 
1999). Bacteria also possess the property of resistance to certain other metals. For 
instance, applying Cu resistance bacteria in the environment can reduce Cu toxicity. 
In this regard, Lin & Olson, (1995) isolated bacteria from a water distribution system 
having the ability of Cu corrosion. Of these, 62% were found to be Cu resistant. Of 
these resistant bacteria, 49% had cop or cap-like gene systems, including both 
compartmentalization and efflux systems (Cooksey, 1993). Two cut genes (cut C and 
cut F) were identified (Gupta et a/., 1995) and have been shown to encode a Cu-
binding protein and an outer membrane lipoprotein. Moreover, the act P gene 
controlling Cu homeostasis, is an essential mechanism for the acid tolerance of 
Rhizohiwn leguminosarum bv. Vfciae and Sinorhizobium met loti, since it prevented 
Cu toxicity in acidic conditions (Reeve et al., 2002). For other metals (e.g. zinc), 
naturally occurring PGPR have also shown resistance to zinc, which is largely 
through efflux system. Bacteria for this activity possess two efflux systems- (i) a P-
type ATPase efflux system that transports Zn ion across the cytoplasmic membrane 
by energy from ATP hydrolysis (Beard etal.. 1997) and (ii) RND-driven transporter 
system that transports Zn across the cell wall (not just the membrane) of Gram-
negative bacteria and is powered by a proton gradient and not ATP (Niel, 1999). 
Similarly. Ni resistance is inducible and is due to an energy-dependent efflux system 
driven by chemiosmotic proton-antiporter system (Taghavi et al., 2001). For Ni, 
resistance is encoded by PMOL 28 (163 kb), which occur by an efflux pathway via 
cation proton-antiporter chemiosmotic system (Mergeay, 1991) and removes the toxic 
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metal. Plasmid encoded energy dependent metal efflux systems involving ATPase and 
chemiosmotic ion/proton pumps are also reported for As. Cr and Cd resistance in 
other bacterial species (Roane & Peeper, 2000). The exploitation of these bacterial 
properties for the remediation of heavy metal-contaminated sites has been shown to 
be a promising bioremediation alternative (Lovely & Coates, 1997). Though, the 
threshold limit of metal toxicity to soil microorganisms is not conclusive, yet the 
interaction between heavy metals and microbes do occur in nature. Microorganisms 
can interact with metals via many mechanisms, some of which may be used as the 
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Heavy metal remediation stratigies: 
Hea%-N- metal removal from contaminated sites: 
The removal of heavy metals from derelict soils requires a considerable technical 
input. However, various approaches have been suggested for the restoration of 
contaminated soils (Fig. 4). Conventional methods used for treating/removing metals 
from soils contaminated with toxic metals include- (i) land filling- the excavation, 
transport and deposition of contaminated soil in a permitted hazardous waste land (ii) 
fixation- the chemical processing of soil in a permitted hazardous waste land (ii) 
fixation- the chemical processing of soil to immobilize the metals, usually followed 
by treatment of the soil as proprietary leaching agent to distort and leach metals, 
usually followed by treatment of the soil surface to eliminate penetration by water and 
(iii) leaching-using acid solutions as proprietary leaching agent to distort and leach 
metals from soil followed by the return of clean soil residue to site (Krishnamurti, 
2000). The application of these processes is sometimes restricted, due to the 
technological or economical constrains. Therefore, the search for alternative methods 
to restore polluted soils is an inexpensive, less labour intensive, safe and environment 
friendly manner is required. Such an alternative method is bioremediation, which is 
defined as the the action of microbes or other biological systems to degrade/transform 
environment pollutants under controlled conditions to an innocuous state, or to levels 
below concentration limits established by regulatory authorities (Muller et al., 1996). 
Bioremediation can be applied in situ without the removal and transport of 
contaminated soils and without disturbance of soil matrix or can be applied er situ 
(Table 4) to soil at the site which has been removed from the site via excavation 
(Llyod & Lovely, 2001). 
Bioremediation; a natural method for the restoration of derelict soils: 
Managing the microbial populations in the rhizosphere by using microbial inoculums 
consisting of a plant growth promoting rhizobacteria and symbiotic nitrogen fixers as 
allied colonizers and biofertilizers, could provide plants with benefits crucial for 
ecosystem restoration on derelict lands (Khan, 2004). For microbes, bioremediation 
involves the use of living/dead organisms, to degrade/transform the heavy metals into 
less toxic forms. It uses naturally occurring bacteria and fungi or plants to reduce, 
eliminate, contain and transform to benign products, contaminants present in soils, 
sediments, water or air. Bioremediation especially involves the use of microbes and 
depends on the presence of sufficient numbers of viable of viable PGPR and the 
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proper conditions suitable for their growth. The microorganisms used in 
bioremediation could either be indigenous to a contaminated area or can be isolated 
from elsewhere and then introduced (augmentation) into the contaminated sites. 
Advances in understanding the role of microorganisms in such processes, together 
with the ability to tine-tune their activities using the tools of molecular biology, has 
led to the development of novel or improved metal bioremediation processes. 
Advantages and limitations of bioremediation: 
The advantages of bioremediation include- (i) it is a natural process and is well 
accepted by the public as a means of restoration of contaminated sites. Microbes 
including PGPR can remediate the leading to the complete destruction (iii) 
bioremediation can consistently be carried out on site, often without causing a major 
threat to soil health or process mediated by microbes. This property of remediation 
help to avoid the transport of waste off site and the potential threats to human health 
and the environment, that may develop during transportation and (iv) bioremediation 
is in expensive compared to other technologies used for clean up of hazardous soils. 
However, bioremediation technologies also have certain limitations such as — (1) it is 
applied only for those compounds that are biodegradable. Hence compounds which 
are not susceptible to rapid and complete biodegradation can not be remediated from 
the contaminated sites, (ii) there are some concerns that the products of 
biodegradation may be more persistent or toxic than the parent compound, (iii) it 
requires active and specific microbial communities; important site factors required for 
success include the suitable environmental growth conditions and appropriate levels 
of nutrients and contaminants in the sites to be remediated (iv) it is difficult to 
extrapolate from bench and pilot scale studies to full scale tield operations (v) 
research is urgently required to develop and engineer bioremediation technologies that 
could be appropriate for sites with complex mixtures of contaminants that are not 
evenly dispersed in the environment (vi) since hioremediation is a biological assisted 
process. it takes longer times than other conventional approaches and (vii) regulatory 
criteria for the performance of hioremediation are lacking. 
Remediation of heavy metals by plant growth promoting rhirobacteria: 
The low cost and high efficiency at low metal concentrations make biotechnological 
approaches very attractive in comparison to physic-chemical methods for heavy metal 
removal (Gadd, 1992). Furthermore, the metal remediation involving microorganisms 
can help to minimize the bioavailability and biotoxicity of heavy metals (Gadd, 2000; 
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Khan, 2005). Additionally. rhizosphere wit high concentration of nutrients exuded 
from the roots, attracts more bacteria than do the bulk soils (Penrose & Glick, 2001). 
These bacteria including PGPR. in reverse, facilitate the growth of the plant. This 
phyto bacteria system is proved to be more effective in removing heavy metals than 
its ingredients. Several processes such as (i) biostimulation-stimulation of viable 
native microbial population (ii) bioaugumentation- artificial introduction of viable 
population (iii) metal reduction (iv) biotransformation (v) bioaccumulation- use of 
living cells (vi) biosorption and (vi) use of dead microbial biomass are some of the 
cost effective hioremediation technologies. Each of these methods offers the potential 
for bioremediation of metals in contaminated environment. Biological approaches for 
metal detoxification afford the potential for selective removal of toxic metals and 
operational flexibility (Hallberg & Johnson, 2005; De et al., 2008). In the past few 
decades, new metal treatment and recovery techniques based on biosorption have 
been explored using both dead and living microbial biomass with considerable 
success. Prokaryotic microbes in general, accumulate metals by binding them as 
cations to the cell surface in a passive process (Beveridge & Doyle, 1997). Among the 
microbes, though PGPR was first used for promoting the growth of plants and for the 
biocontrol of plant diseases, much attention has recently been paid on bioremediation 
potential of PGPR (Huang et al., 2004b, 2005; Khan el al., 2008). In addition, PGPR 
can also detoxity the heavy metals, when they are applied to seeds or soils (Rajkumar 
et al., 2006). Recently, the inoculation effects of PGPR Methvlobacteriunl oryzae 
strain CMBM20 and Burkholderia sp. strain CMBM40, isolated from rice tissues, on 
toato, grown in Ni and Cd amended soil has been reported (Madhiyan et al., 2007). 
These bacterial strains significantly reduced the toxicity of both metals in tomato and 
promoted the plant growth under genotobiotic and pot culture conditions. It was 
concluded from this study that, the increase in plant growth occurred due to- (i) 
protection provided by bacterial strains against Ni and Cd by reducing their uptake 
and translocation to plant organ (shoot) and (ii) systhesis of phytohormones and ACC 
deaminase by these bacterial strains. Furthermore, soil rhizobacteria can also directly 
influence metal availability by altering their chemical properties. This can aid in 
leaching of contaminants from soils. For example a strain of Pseudomonas 
maltophilio reduced the mobile and toxic Cr (vi) to non-toxic immobile form of 
chromium (iii) and also minimized the environment mobility of other toxic ions, such 





metals, it may be possible to treat plants with PGPR, increasing plant biomass and 
thereby stabilizing, re-vegetating and re-mediating metal polluted soils. Recent 
examples of the biorevrediation assisted by PGPR are shown in (Table 4). There are, 
however many areas of poor understanding or lack of information where more 
research is urgently required. They include (i) the research is required to investigate 
the microorganisms induced changes in the rhizosphere of hyperaccumulator plants in 
relation to metal accumulation (ii) furthermore, it is also difficult to clarify the 
specific features of microbe-plant, microbe-soil and microbe- metal interaction (iii) 
accumulation and distribution of metals in soils following metal tolerant bacterial 
application needs to be assessed and (iv) the mechanism involved in mobilizing 
transfer of metals are to he determined in order are to develop future strategies and 
optimization of the bio-remediation technique. 
In the present experiment the seeds of Cieer arizrinum (L.) cv. Uday were inoculated 
with specific Rhizobium gown in sandy loam soil and were allowed to grow for 15 
days. At this stage, the seedlings were supplied with 0, 50, 100 or 150mM of 
cadmium in the form of cadmium chloride and sprayed with 0.01mM of 28-
homobrassinolide (HBL) at 30-day stage. -1'he data indicated that plant fresh and dry 
mass, number of nodules, their fresh and dry mass. leghemoglobin content, nitrogen 
and carbohydrate content in the nodules, leaf chlorophyll content, nitrate reductase 
and carbonic anhydrase activities decreased proportionately with the increasing 
concentrations of cadmium but the content of proline and the activities of catalase, 
peroxidase and superoxide dismutase increased. The ill effect, generated by cadmium, 
was overcome if the stressed plants were sprayed with HBL. (Hasan, S.A. ct al., 
2008). 
Biotransformation: 
Heavy metals in general are indestructible and hence, persist in the environment. 
However, microorganisms can reduce%transform a wide variety of multivalent metals 
that pose major threat to the environment. Though, numerous PGPR strains 
possessing metal reducing ability have been identified (Lovely & Phillips, 1994), in 
this section, emphasis will be placed on the reduction of chromium only by PGPR 
strains. 
Chromium detoxification: 
In the environment, chromium occurs mainly in trivalent and hexavalent forms (as 
chromate and dichromate) and is actively transported to cells (Ortegel et al., 2002). 
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Among the different forms of chromium, the hexavalent chromium is the more toxic 
and carcinogenic due to its high solubility in water, rapid permeability through 
biological membranes and subsequent interaction with intracellular proteins and 
nucleic acids (Kamaludeen et al., 2003). While the trivalent chromium does not 
migrate freely in natural systems, because it readily precipitates as Cr (III) minerals or 
is removed by adsorption (Richard & Bourg, 1991). Reduction of Cr (VI) leads to the 
formation of stables, less soluble and less toxic Cr (111). Reduction of toxic Cr (VI) to 
Cr (III) is thus, a useful process for remediation of Cr (VI) affected environments 
(Jeyasingh & Phillip. 2005). In this context, conventional methods, like chemical 
reduction followed by precipitation, ion exchange and absorption on activated coal, 
alum and ash, to alleviate the toxicity of chromium have widely been used. The 
reduction"detoxification of Cr (VI) by microbes is, however, inexpensive and 
environmentally safe approach and provides a viable option to protect the 
environment from chromium toxicity. In this regard, numerous chromium resistant 
PGPR strains like Pseudomonas sp. (Rahman et al., 2007), Ochrobactrtun 
intermediuni (Faisal & Hasnain, 2005) and Micrococcus (Sultan & Hasnain, 2005) 
have been reported. 
Detoxification of chromium by microbes may occur directly or indirectly and is 
affected by pH, chromate concentration, incubation periods and the types of microbes 
involved. In the direct mode, the microbes take up chromium and then enzymatically 
(chromium reductases) reduced chromium (Losi et al., 1994). While in the indirect 
mode, products (reductants or oxidants) of microbes in soil, such as H2S, reduce 
chromium by chemical redox reactions (Defilippi & Lupton, 1992). Furthermore, in 
growing cultures with added carbon sources as electron donors and in cell 
suspensions, Cr (VI) reduction can be predominantly aerobic and anaerobic, but 
generally not both. Interestingly, chromium reductases can catalyse reduction of Cr 
(VI) to Cr (III) anaerobically (Lovely & Phillips, 1994), aerobically (Cervantes et al., 
2001) and also both anaerobically and aerobically, (Marsh & Mclnerney, 2001). The 
Cr (VI) reductases may be present in the membrane fraction of the cells of PGPR, as 
found in Pseudomonas fluorescens and Enterobacter cloacae (Wang et al., 1990). 
Further evidence suggested that in the presence of H2 and excess of hydrogenase, 
cytochrome C3, a periplasmic protein, in the soluble cell free fraction of D. Vulgaris 
(Lovely & Phillips, 1994), reduced Cr (VI), 50 times faster than did the Cr (VI) 
reductase of P. ambigua with NADH and NADPH, as electron donor (Horitsu et al., 
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1987). Chromium reductase in anaerobically grown Shewanella putrefaciens MR-1 
was chromate dependent with highest in cytoplasmic membrane (Park el al., 2000). 
The chromium reductase in P. ambigua (Campos-Garcia etal., 1992) and Bacillus sp. 
(Wang et a)., 1991) have been purified and characterized. More recently, to clone a 
chromate reductase gene, novel soluble chromate reductase of P. paida was purified 
to homogeneity and characterized (Puzon et al., 2002). The reductase activity was 
NADH-or NADPH-dependent. Reduction of Cr (VI) by bacterially produced HZS, 
followed by precipitation of the Cr (III) formed, is an important mechanism is 
sulphate-rich soil environment under anaerobic conditions (Lost et al., 1994). 
Hydrogen sulphide, produced in acid sulphate soil under reducing conditions, is easily 
precipitated as FeS in reduced soils (Eery & Rai, 1991) and sediments. Fe (11) and 
HbS, both microbially produced, are effective reductants of Cr (VI) under reduced 
conditions as is the FeS (Kamachuk, 1995). 
Chromium has received relatively little attention from plant scientists compared to 
other heavy metals in recent times in spite of it being a very a hazardous 
environmental pollutant. One of the reasons for this is the complexity of the metal's 
interactions with biological systems and the difficulty in studying them. Although the 
possible mode of entry into the plants, resultant toxicity mechanisms and tolerance 
potential has been worked out in plants there is still a need to get a complete picture 
of the Cr—plant interactome. With the advent of hyphenated technologies and global 
geneiprotein and metabolite expressioniquantification techniques, studies to elucidate 
the complete metallome are possible albeit resource intensive. This minireview 
focuses on the recent developments in the field of Cr—plant interactions and proposes 
a model using a systems biology and integrated -omics approach to decipher the 
intricacies of Cr—plant interaction shows in (Fig. 5) (Arun Kumar Shauker et al., 
2009). 
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Fig. (5): Schematic representation of the Cr—plant relationship 
The twin goals are in conflict with each other wherein one is to evolve tolerant crops 
that take up less Cr and grow well in Cr contaminated soils and the other is to evolve 
efficient hyperaccumulators that take up high amounts of Crated clean up the 
environment. (Arun Kumar Shanker et al., 2009) 
Table (4): Bioremediation of heavy metals by PGPR 
Bacteria Plant 	Heavy Conditions Role of References 
metals PGPR 
Azotohacter Brassica Pb, Zn 	— Experiments in Stimulated plant Vu et al., (2006a) 
chroococcu n Junacea green house growth 
HK\--5 
Bacillus Brassica Ph, Zn Experiments in Protected plant Wu et al., (2006a) 
nrce4ateriunr HKP-I Junacea green house from metal 
toxicity  
Bacillus Brassica Ph. Zn Experiments in Protected plant wu et al., (2006a) 
mucillaginosus .lunaci'a green house from metal 
IIKK-I toxicity 
Bacillus subtilis Si- Brassica Ni Experiments in Facilitated in Zaidi ct al., 
/0/ Jrrauceu growth chmaber accumulation (2006) 
Xanthomonas sp. Brassica 	Cd Experiments in Stimulated plant Sheng & Xia. 
RJ3, .4ZOUIODUS Sp. napr(S pots growth and (2006) 
RJJ. Pseudomonas increased 
sp.RJ10, Bacillus cadmium 
.p. RJ31 accumulation 
.M11csorhizohiuin .l.ctragalres Cd Hydroponics Epression of Sripran;g et al.. 
huakuii susp. sinicus PCS, gene (2003) 
Rengei B3 increased ability 
of cells to bind 
Cd 
approximately 9 
to 16 fold 
Pseudornunas .cp. Mustard 	Cr (VI) Pot experiment Stimulated plant Rajkumar et al., 
Bacillus sp. growth and (2006) 
decreased Cr 
(VI) content 
Bre►'ibacillus Trifoliunr Zn Pot experiment Enhanced Vivas et al., 
repens gro th and (2006) 
nutrition of 
plants and 
decreased Zn in 
tissues 
Oclrrobacterium Sunflower Cr (VI)  Experiment in Increased plant Faisal & Hasnain, 
internredium pots growth and (2005) 
decreased Cr 
(VI) uptake 
Pseudomonas sp. Soybean, Ni, Cd. Cr Experiment in Promote growth Gupta ei al., 
mungbean. pots of plants (2002) 
wheat 
Pse udomonus Mungbean Pb, Cd 	Experiment in Increased plant Tripathi et al., 
putida pots growth and (2005) 
decreased Pb 
and Cd uptake 
Orclobacterium, Mungbean Cr (VI) 	Experiment in Lowers the Faisal & Ilasnain, 
Bacillus cereus pots toxicity of Cr to (2006) 
seedlings by 
reducing Cr(V1) 
to Cr (Ill) 
Bioaccumulation and biosorption: 
Microorganisms can physically remove metals from solution through association of 
these contaminants with biomass (Mohapatra & Gupta, 2005). Biosorptive process 
involves a combination of active and passive transport mechanisms starting with the 
diffusion of metal ions to the surface of microbial biomass. Metal accumulative 
bioprocess are generally divided into two broad categories- (i) bioaccumulation-the 
retention and concentration of a substance within an organism and (ii) bio-sorption 
utilization of inexpensive dead or living microbial biomass for the sorption of metals 
of industrial origin. Biosorption of metal is one of the possible alternative 
technologies involved in the removal of toxic metals from industrial waste stream and 
natural waters (Gupta et al., 2000). It is a potential and interesting alternative to 
conventional processes, such as ion exchange process (Pagnaanelli et al., 2001). 
Advantages and disadvantages of biosorption by non-living biomass are given in 
Table (5). Several active group of cell constituents, like, acedamido group of chitin, 
structural polysaccharide of fungi, amine (amino and peptidoglycosides), sulthydral in 
polysaccharides participate in biosorption of heavy metals (Vijayragharan & Yun, 
2008). 
Biosorption of metals by the PGPR strains has been studied extensively (Lloyd & 
viacaskie, 2000). For example, Hernandez et al., (1998) isolated three species of 
bacteria belonging to family enterobacteriaceae, which were capable of accumulating 
nickel and vanadium. The technology involving surface complexation, ion exchange 
and microprecipitation is a potential alternative to current metal treating processes. 
Table (5): Advantages and disadvantages of biosorption by non-living biomass 
Advantages Disadvantages 
Growth independent, non-living biomass Early saturation can be problem i.e. when 
is insensitive to toxicity. metal interactive sites are occupied, metal 
desorption is necessary prior to further 
use, irrespective of the metal value. 
Biomass can be obtained from the The potential for biological process 
existing fermentation industries, improvement is limited because cells are 
not metabolizing. Therefore, 
bioengineering of such biomass is not 
possible. 
The amount of biomass produced by the 
potential microbes could be very low. 
Metals can be desorbed readily and then There is no potential for biologically 
recovered if the value and the amount of altering the metal valency state. 
metal recovered and significant and if the 
biomass is plentiful, metal —loaded 
biomass can be incinerated, thereby 
eliminating further treatment. 
Modified from Ahluwalia & Goyal, (2007) 
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Plivtorentediation: 
In addition to the mechanisms outlined, accumulation of metals by plants warrants 
attention as an additional established mute for the bioremediation of metal 
contamination. Plants possessing constitutive and adaptive mechanisms for tolerating 
or accumulating high metal contents in their rhizosphere and tissues, is the emerging 
in situ remediation technologies used for clean up of metal contaminated soils (Khan, 
2004). This technology, oflen termed, phytoremediation (Brooks, 1998), aims to use 
metal accumulating plants to renmove, transfer or stabilize, contaminants from metal 
contaminated soils. The phytoremediation technologies can broadly be categorized 
under five groups (Table 6) and has both advantages and limitations (Table 7). An 
ideal plant used for remediation of metals should grow rapidly, produce a high 
amount of biomass, have low-level contaminant uptake and be able to tolerate and 
accumulate high concentrations of metals. The efficiency of phytoremediation 
techniques is also influenced by, the bioavailability ofinetals to plants in soil. In some 
cases, applying chemical chelating agents to the soil can solve this problem. Enhanced 
rates of metal ion translocation (from roots to shoots) transpiration are also important 
fur efficient phytoextraction. Currently, a number of metal accumulating plants are 
reported to be used for removing toxic metals from soil (Zayad et al., 1998; Burt et 
al., 2000). Among the metal accumulating plants, Indian mustard (Brassica junacerre 
L. Czern) is one of such promosing species, which has attracted considerable 
attention because of its ability to grow in heavily polluted soil together with its 
capacity for metal ion accumulation(Blaylock & Huang, 2000). In a study, Ni tolerant 
Bacillus subrilis strain SJ-l01 facilitated Ni accumulation in Indian mustard and 
showed the potential of Ni phytoremediation in Ni amended soil (Zaidi et al., 2006) 
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Table (6): Phytoremediation techniques 
Phytoremediation Plant mechanism Surface medium 
Methods 
Phytnextraction Uptake of metals by different organs Soils 
of metals, their accumulation and 
subsequent removal by plants 
Phytotransformation Plant uptake and degradation of Surface water and 
organic compounds ground water 
Phytostabilization Precipitation of metals by roots Soils, Groundwater, 
exudates making metal less available mine tailing 
to plants 
Phytodegradation Stimulates microbial degradation in Soils, groundwater 
rhizospheres within rhizospheres 
f2hixotiltration Uptake of metals and their Surface water 
accumulation in plant roots 
Phytovolatization Evaporation of pollutants by plants 	Soils and 
- - 	 — 	 i groundwater 
The major processes that influenced the metal accumulation rates in plant (Clements 
et al., 2002; Yang et al., 2002). When metal concentrations become too high, the plant 
barrier looses its function, probably due to toxic action by the metal, and the uptake 
massively increases. Excess metal concentrations cause a number of toxic symptoms 
in plant through the generation of various reactive species of oxygen such as 
superoxide redicles and H,02 (Fig. 6), which in turn affected the various metabolic 
activities of plants and consequently leading to the death of the plants (Fig. 7). 
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Table (7): The phytoremediation technologies have both advantages and 
limitations 
Advantages Limitations 
Applicable to a wide variety of inorganic Limited by depth (roots) and solubility 
and organic contaminants and availability of the contaminant 
Reduces the amount of waste going to Although faster than natural attenuation, 
landfills it requires long time periods (several 
years) 
Does not require expensive equipment or Restricted to sites with low 
highly specialized personnel contamination concentration 
It can he applied in situ. Reduces soil Plant biomass from phytoextraction 
disturbance and the spread of contaminants requires proper disposal as hazardous 
waste 
Early estimates of the costs indicate that Climate and season dependent. It can 
phytoremediation is cheaper than also lose its effectiveness when damage 
conventional remediation methods occurs to the vegetation from disease or 
pests 
Easy to implement and maintain. Plants are Introduction of inappropriate or 
a cheap and renewable resource, easily invasive plant species should be 
available avoided (non-native species may affect 
biodiversity) 
Environmentally friendly, asthetically Contaminants may be transferred to 
pleasing, socially accepted, low-tech another medium, the environment, 
alternative and/or the food chain 
Less noisy than other remediation methods. 	Amendments and cultivation practices 
Actually, trees may reduce noise from 	may have negative consequences on 









Fig. (6): Heavy- metal induced oxidative stress and related cellular processes 
In order to survive in the metal polluted soils, plants therefore, must have- (i) efficient 
and specific mechanisms by which heavy metals are taken up and transformed into a 
physiologically tolerable form, providing the essential elements for the plants 
metabolic function and (ii) the ability to metabolically inactivate excess of these 
essential elements or toxic heavy metal ions, that do not play any role in metabolism. 
In this context, some of the prevalent mechanisms of metal tolerance in plants are 
accumulation, sequestration, synthesis of metal-binding complexes (phytochelatins) 
and their stabilization by sulphide ions, damage rescue by heatshock proteins and 
phytochelatin constituting organics. In this section, the role of only phylochelatin in 
metal tolerance will be discussed briefly. 
E: 
Plants can protect themselves from heavy metal poisoning by synthesizing antioxidant 
enzymes, such as superoxide dismutase (SOD). catalase (CAT). peroxidise (POD), 
glutathione reductase (GR) (Celik let al., 2007). Plants posses large amounts of non-
enzymatic antioxidants such as praline, flavinoids, ascorbate (ASC) and caroteniods 
(Arora et al., 2002) that aid the detoxification process. In legume root nodules, the 02 
problem is dealt by three mechanisms (Dension, 1992):- (i) an abundant amount of the 
O,- binding protein leghaemoglobin to facilitate the flux of O, to symbiotic bacteria 
(Rhi:obium or Bradvrl:i:obium), while maintaing and extremely low, nontoxic 
concentration of free 02 (ii) a high rate of respiratory O, consumption and (iii) a 
variable diffusion barrier that controls the entry of 02 into central regions. The 
diffusion of O,  into the nodule interior can be regulated by alternations in relative 
amounts of air. liquid or occluding glycoproteins within interacellualr spaces. A major 
defence against activated O, in nodule is provided by ascorbate peroxidise, a 
hemoprotien that uses the reducing power of ascorbate to scavange H202. Although 
ascorbate peroxidise may be regarded as nearly universal 'housekeeper' in the cytosol 
and chloroplasts of plant cells, it is especially aboundant in the cytosol of N2-fixing 
root nodules, where it makes up almost 1% % of the total soluble protein. 
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Fig. (7): Cell components damaged by heavy metal generated tree redicals 
Since the PC synthetase activity has been detected largly in roots (Steffens, 1990), 
and root is the first organ exposed to the metal ions in the soil, the roots of the plants 
provide an effective means of restricting the uptake of metals by fonninb a metal-PC 
complex. The PC-metal complexes have then been reported for Cd (with molecular 
weights of 2.5 and 3.6 kDa) and Cu (Grill etal., 1987). In a study, it has been shown 
that metal-sensitive plant enzymes could tolerate 10 to 1000-fold the amount of Cd in 
the form of a PC complex as compared to the free metal ion (Kneer & Zenk, 1992). 
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Furthermore. the PC peptides reactivate metal poisoned plant enzymes such as nitrate 
reductase up to 1000-fold better than chelators (such as GSH or citrate), revealing a 
profound sequestering potential of these peptides. Plants grown in conventional soils, 
however, showed no phytochelatin activity suggesting that metal binding PC 
(Phytochelatin) are specifically induced in plants growing in heavy metal stressed 
conditions. In addition to its role in detoxification, phytochelatin also plays a role in 
the plant cell. However, the synthesis of phytochelatin by bacterial cell is yet not 
reported. 
Plant growth promoting rhizobacteria assisted phytoremediation: 
Although many PGPR are tolerant to heavy metals and play a significant role in 
mobilazation or immobilization of heavy metals (Gadd, 1992), only a few attempts 
have been made to study the rhizosphere bacteria of metal accumulating and 
hyperaccumulating plants and their role in the tolerance to and uptake of heavy metals 
by the plants. Thus, the efficiency of phytoremediation can further be enhanced by 
growing plants with an associated PGPR, which forms an important component of 
phytoremediation technology (Glick, 2003; Khan, 2005; Denton, 2007). The use of 
PGPR along with plants in phytoremediation technologies may help to detoxify metal 
besides augmenting plant growth in contaminated sites (Mayak ct al., 2004; 
Madhaiyan ct al., 2007; Khan ct al., 2008). Furthermore the PGPR are also known to 
affect heavy metal mobility and availability to the plant through release of chelating 
agents. acidification, phosphate solubilisation and redox changes (Whiting et al., 
2001). In a study, 11 Cd tolerant bacterial strains were isolated from the root zone of 
Indian mustard seedling grown in Cd-supplemented soils as well as sewage and 
mining waste highly contaminated with Cd. The isolated bacterial strains included 
Yariovorax paradoxus, Rhodococcus sp. F7avobacterium sp. and were capable of 
stimulating root elongation of Indian mustard seedlings either in the presence or 
absence of toxic Cd (Belimov cat a/.,2005) suggesting that these bacterial strains could 
be develop as inoculants to improve growth of the metal accumulating Indian mustard 
in the presence of toxic concentration and for the development of plant inoculants 
systems useful for Phytoremedtation of polluted soils. Similarly, in the presence of 
As. in the presence and absence of the added PGPR (Enterohacter cloacae), the 
canola (Brassica ►zapus) grew to a significantly greater extent than non-transformed 
canola plants (Nie et al., 2002). Eventhough PGPR improves plant growth in metal 
contaminated soils by mitigating the toxic effect of heavy metals (Belimov et al., 
2004), yet the elevated concentrations of these metals have shown toxicity to metal 
tolerant and metal accumulating plants. This is partly due to the deficiency of certain 
elements (e.g., iron) in a range of different plant species (Ma R. Nomoto. 1993). when 
gown in contaminated soils. However, the microbial iron sidarophores complexes 
can be taken up by plants and there by, serve as an iron source for plants (Burd et al., 
2000). It is therefore, believed that the best way to prevent plants from metal toxicity 
was o provide them with an associated siderosphore bacterium. In this context PGPR 
when applied to the soils, increased the growth of plants even in the presence of 
metals including Ni, Zn and Pb (Burd et al., 1998), thus allowing the plants to 
develop large roots and get better established during early stages of growth. Once the 
seedling id established, the PGPR (e.g., Pseudomonas) can help the plant acquire 
sufficient iron for optimal plant growth. Similarly, Ni persistant Kluvvera ascorbata 
isolate from soil contaminated with Ni, Pb and Zn, promoted the growth of tomato. 
Indian mustard and canola (Burd et al., 2000). In yet other study, PGPR strains 
provided protection against chromium toxicity to greengram plants, when inoculated 
with Ochrobacterium intermedium and Bacillus cereus (Faisal & 1-lasnain, 2006). 
Moreover. the PGPR strains are also involved in the accumulation of potentially toxic 
trace elements into plant tissues and can reduce the toxicity of heavy metals by 
absorption mechanism (Mainaril et al., 1997). Similar accumulation of heavy metal 
(e.g. chromium) in flower (He/ant/ms annus) inoculated with spelling 
Ochrobactc'rium intermcdiur (Faisal & Hasnain, 2005) and the accumulation of 
nickel and cadmium in tomato (Madhaiyan et al., 2007) is reported. Thus, the increase 
in the growth of various agronomic crops following PGPR application in metal 
contaminated soils could be due to the ability of PGPR strains to (i) tolerate high level 
of metals (ii) provide plant growth promoting substances and (iii) reduce the toxicity 
of heavy metals. Therefore, the PGPR strains possessing such multiferous properties 
could serve as potential bioinoculant for the growth improvement of plants as well as 
for the remediation of heavy metals in soils contaminated with toxic metals. Although 
the role of PGPR is potentially important in the phytoremediation strategies, research 
in this area as pointed out by Lucy et al., (2004), is very limited and requires field 
study to support green house on growth chambers experiments. Further, to make 
phytoremediation viable, fast growing and metal tolerant and !or hyperaccumulating 
plants with extensive root system are required. Alternatively, the plants can be 
engineered with as yet unidentified hyperaccumulation genes. 
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Effect of heavy metals on soil microbial biomass: 
The maintenance of soil fertility depends on the activity of the soil microbial biomass 
(De Hann el al., 1989), a small fraction of soil organic matter (1-3%) which is of 
fundamental importance in the biological cycles of all major plant nutrients 
(Jenkinson & Ladd, 1981). Abiotic stress caused by the addition of heavy metals in 
inorganic and organic form affects the growth, morphology and metabolism of micro-
organisms in soils, through functional disturbance protein denaturation or destruction 
of the integrity of cell membranes. Soil pollution by heavy metals can reduce the size 
and activity of the microbial biomass. Soil microbial biomass as measured by 
chloroform fumigation was much less in sludge amended soils than in comparable 
soils amended with manures, presumably due to the heavy metal content of the 
sewage sludge (Brokes & Mc Grath, 1984; Nannipieri et al., 1990; Chander & 
Brookes, 1993). The soil microbial biomass mediates the biochemical process 
occurring in soils and acts as a reservoir of labile plants nutrients (Mc Gill et al., 
1975: Marumoto et al., 1982; Brookes et al., 1984; Jenkinson, 1990). Nevertheless, 
the microbial biomass has been considered a sensitive and useful indicator of metal 
pollution (Mc Grath, 1994). The minimum concentration of Cd and Zn in soil which 
negatively affected the soil microbial biomass at Woburn was 6.0 mg Cd kg1  and 
180.Omg Zn Kg' I (Mc Grath et al., 1994). Reductions in the size of the soil microbial 
biomass have also been reported in sludge treated soils rich in Cd (Stark & Lee, 
1988). The microbial biomass carbon, however, the microbially mediated processes 
might be a key factor to consider in predicting toxicological effects of heavy metal 
pollution in soil (Leita et al., 1995). 
Effect of heavy metal on microbial population: 
Heavy metals are toxic to all organisms if present in high concentrations. Heavy metal 
exposure has, since the last century, been known to affect microbial growth and 
survival. Bond et al., (1976) found no need effect on colony forming units (CFUs) for 
bacteria and fungi after addition of 10 pg Cd g' to douglas fir forest litter 
microcosms, where a decrease in soil respiration rate was evident. However, 
Freedman & Hutchinson, (1980) did find a decrease in fungi colony forming units 
(CFUs) near the Sudbury smelter, Nordgren et al., (1986) found colony forming units 
(CFUs) of bacteria capable of degrading maltose, arabinose, cellobiose, pectin, 
xylose, chitin, starch, cellulose or xylan to be a more sensitive indicator of the 
pollution level around the mill at Ronnskar compared to soil respiration rate or urease 
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and phosphatise activities. Heavy metals appear to induce a shift towards more gram 
negative bacteria compared to gram positive. Thus, Doelman & Haanstra (1979) 
found more gram negative bacteria tolerant to lead, and Barkay et al., (1985) found 
more Pseudomonas spp. In sludge amended soils with increased levels of Cd. Similar 
trends in soils to Cd, Co, Cu, Hg, Ni, and Zn were found by Duxbury & Bicknell, 
(1983). It has been known since the invention of the Bordeaux mixture that fungi are 
copper sensitive, and it has also been demonstrated that zinc in high concentration 






MATERIAL AND METHODS 
Collection of samples: 
Study Sites: The study was conducted around Mathura road, situated at a suburban 
area in the district of Aligarh, India (Fig.8, 9). Large scale pulse and vegetables 
production is conducted in this area. to supply to the markets in the city. Effluents 
from various small industries situated in the city are also discharged with sewage. The 
industries include lock industries, refinery, fabric painting, batteries, and metal 
surface treatment. A large area has no access to clean water resources, so farmers use 
treated and untreated wastewater for irrigation. Clean water from bore wells has been 
used for irrigating the agricultural fields at the clean water irrigated site (CWI) for a 
similar period of time. 
Collection of industrial water samples: 
The industrial water samples were collected from industrial estate in the vicinity of 
Aligarh city, using sterilized polyethylene ht ft's. 
Fig. (8): Industrial wastewater in the vicinity of Aligarh city 
Fig. (9): Industrial aste" ater in the icinity of Alil;arl► city 
l'h-,sical characteristics of the soil: 
1'hvskal Characteristics of the soil like, texture. p11. \\ater content and organic carbon 
content \\Crc determined as described by Gotta (2004a). 
Determination of total heavy metal concentration in soils: 
1lie soil samples tier total heav1 metal concentration were collected from the 
industrial area of (Nlathura road. Aligarh) (Site 1) Sasni gate. Aligarh. Uttar Pradesh. 
India. I here was consistent use of industrial wastewater can these soils. Soil samples 
collected from conventional (Cultivated) fields Of 1-acuity of Agricultural Sciences 
(Site 2 ). Aligarh Muslim University. Aligarh, were also used for quantitative 
estimation of heavy metals. i-or heavy metal analysis, oven-dried soil samples were 
sieved through muslin cloth. Ash was prepared at 400-500°C in a muffled furnace 
overnight. One grain cooled ashed sample was treated with aglUaregia 1,nitric acid and 
hydrochloric acid (,: l) . Digestion was carried out on a hot Plate until dense fume 
evolved and a clear solution as obtained. l he clear solution as filtered through 
\Vhatman filter paper No. 1 and the volume was Made to 100 nil with double distilled 
water. In the digested sample. the heavy metals were al1alv%ed by the method of 
McGrath & Uu1111I . (1985) using flame atomic absorption spectrophotometer 
(N1od el (_iR( 932U Plus Atomic Absorption Spectruphotometcr. Australia). All 
chemicals used in Ilea\- \- metal analysis were Of analytical grade and solutions used 
were made in double distilled water. 
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chemicals used in heavy metal analysis were of analytical grade and solutions used 
were made in double distilled water. 
Microbiological analysis: 
The rhizospheric soil (chickpea, pigeonpea, cabbage and munghean) samples 
collected from different sites used for heavy metal analysis were also used to 
determine total bacterial and fungal populations and actinomycetes populations by the 
method as given in Bergey's manual of Determinative Bacteriology, (Holt et al., 
1994). The microbial populations were also enumerated in soils collected from the 
rhizosphere of plants grown in fields of Faculty of Agricultural Sciences, Aligarh 
Muslim University, Aligarh. The soil samples were serially diluted in sterile normal 
saline solutions and l0µ1 of diluted suspension was spread plated on nutrient agar for 
bacterial population (gil, beef extract 3; peptone 5; agar 15; pH 7), Martins medium 
for fungal populations (Appendix 1) and actinomycetes isolation agar medium 
(Appendix 2) for actinomycetes population. Each sample was replicated three times 
and incubated at 28± 2°C for 24 -72 h., after which bacteria, fungi, and actinomycetes 
population were counted. 
Isolation of rhizobacteria: 
10 g of the soil sample was added to a 250 nil conical flask containing 90 ml of sterile 
normal saline solution and was serially diluted. A 0.1 ml of each dilution was plated 
on Jensen's medium (Appendix 3) (Norris and Chapman, 1968), Yeast extract 
mannitol agar (YEMA) medium supplemented with congo red (Appendix 4) (Vincent 
1970), King's B medium (Appendix 5) (King et al., 1954) and Pikovskaya agar 
medium (Appendix 6) for isolation of A_otobacter, Rhizobium, Pseudomonas and 
Bacillus respectively. Plates were incubated at 28±2°C for 3 days each for 
A:totobacter and Rhi=obium and 2 days each for Pesudomonas and phosphate 
solubilizing microorganisms. After incubation, colonies appearing on the selective 
medium were picked and streaked three times on the same medium to check the purity 
of the cultures. Isolated colonies were then maintained on the respectives slants at 4°C 
until use. Cultures were then characterized morphologically and biochemically and 
the resulting properties were compared with those in Bergey's Manual of 
Determinative Bacteriology (Holt etal., 1994). 
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Identification of the most effective plant growth promoting rhizobacterial strains: 
Total strains recovered from various rhizospheric soils of Aligarh were identified to 
genus level only using morphological and biochemical characterstics of the organism 
as per the standard methods (Cappuccino and Sherman, 1992). 
Morphological characteristics: 
Cram staining reaction: 
The isolated cultures were gram stained (Appendix 7) and bacteria showing purple 
colour were grouped as Gram positive and those showing pinkish colour were 
grouped as Gram negative. 
Biochemical properties: 
Indole test 
Using autoclaves (NB) nutrient broth (g/1: beef extract 3; peptone 5; pH7), each test 
isolate was incubated at 28+2°C for 24-48 h. After incubation, 2-5 drops of Kovac's 
reagent (Appendix 8) was added to broth and the formation of red ring was considered 
as indole positive reaction. 
Methyl red test 
Autoclaved MR-VP broth (g/1: peptone 7; dextrose 5: potassium phosphate 5; pH 6.9) 
inoculated with each isolate was incubated at 28±2°C for 24-28 h. Methyl red solution 
(Appendix 9) was added as indicator. The development of red colour was considered 
as methyl red positive, while appearance of yellow color indicated a negative test. 
Voges-Proskauer test 	 _ 
Autoclaved MR-VP broth was inoculated with test organism and incubated at 28+2°C 
for 24-48 11. After incubation, Ban-it's reagent (Appendix 10) was added and the 
development of red colour was considered as a positive test for Voges-Proskaur. 
Citrate utilization test 
Autoclaved Simmon's citrate agar (Appendix 11) plates were spot inoculated with test 
isolates and incubated at 28±2°C for 24-48 h. Change in colour from green to blue 
indicated citrate utilization. Absence of growth and persistence of green colour of the 
medium indicated negative results. 
Nitrate reduction test 
Autoclaved lrypticase nitrate broth (Appendix 12) tubes inoculated with test isolates 
were incubated at 28+2°C for 24-48 h. Five drops of solution A (Appendix 13) and 
few drops of solution B (Appendix 14) were added and examined and formation of 
red colour indicated nitrate reduction. 
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Catalase test 
Test isolates were inoculated in nutrient broth (Appendix 15)  and incubated at 28±2°C 
for 24-48 h. A 3% H,Q was added and the appearance of bubbles of oxygen 
indicated a positive reaction. 
Oxidase test 
An oxidase dipped disk was placed on the freshly bacterial culture using a forceps. 
The disk was observed for ? min, and if the area of inoculation turned dark blue to 
maroon to almost black, it was considered as a positive result. If a colour change did 
not occur within three min., the result was negative. 
Asparagine test 
Autoclaved asparagine broth (Appendix 16) tubes were inoculated by 10p1 of each 
test organism and incubated at 28+2°C for 24-48 Ii. Apperance of fluorescent green 
coloration in inoculated tubes indicate positive reaction for Gram negative 
Pseudomonas spp.. 
Starch hcdrolysis 
Autoclaved starch agar plates (Appendix 17) were spot inoculated with test isolates 
and incubated at 28:2°C for 24-48 h. After incubation, plates were flooded with 
iodine solution. Clear zone of hydrolysis around the growth indicated starch 
hydrolysis. 
Gelatine hydrolysis 
Tubes containing autoclaved nutrient broth (Appendix 15) amended with 12°i% 
gelatine were inoculated with test isolates and incubated at 28=12°C for 48 h. After 
incubation, tubes were placed at 40C for 30 rain. On refrigeration, liquefied tubes 
indicated positive test for gelatine hydrolysis. 
Lipid hydrolysis 
Test cultures were spot inoculated on tributyrin agar (Appendix 18) and were 
incubated at 28±2°C for 24-48 h. After incubation, clear zone of lipolysis surrounding 
the bacterial growth was measured. 
Manuitol salt utilization 
Each test organism was spot inoculated on autoclaved yeast extract mannitol agar 
plates (Appendix 4) and incubated at 28+30°C for 24-48 h. Change in the colour from 
red to yellow indicated positive test for mannitol utilization. 
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Carbohydrate utilization 
Utilization of carbohydrates as a sole source of carbon was determined in phenol red 
base broth (sugar fermentation broth) (Appendix 19) having the test carbohydrates as 
the single carbon source. Glucose, fructose, sucrose and lactose were incorporated at 
the concentration of 5g/l. Test isolates were inoculated and incubated at 28±2°C for 
24-48 h. Production of acid or acid with gas was observed for sugar fermentation test. 
Sugar fermentation 
Autoclaved fermentation broth (Appendix 19) supplemented with 5g/1 each of 
glucose, sucrose and maiuiitol was inoculated with test isolates and incubated at 
28±2°C for 24-48 h. Production of acid or acid with gas observed for sugar 
fermentation test. 
Determination of plant growth promoting activities: 
Plant growth promoting (PGP) activities of rhizobacteria were tested in vitro. The 
plant growth promoting activities including indole acetic acid (IAA) production, 
phosphate solubilisation, siderophore, hydrogen cyanide and ammonia production 
were determined as discussed in the following section. 
Quantitative assay of indole acetic acid: 
Indole acetic acid was quantitatively assayed by the method of Gordon & Weber, 
(1951), later modified by Brick et al., (1991). For this activity one ml culture of 
bacterial isolates was grown in Luria Bertani (LB) broth (g/l: trypyone 10; yeast 
extract 5: NaCl 10 and pH 7.5). Luria Bertani broth (Appendix 20) supplemented with 
0, 50, 100, 150, and 200pg/ml of tryptophan and was incubated for 24 h at 28±2°C on 
a rotary shaker. Cells were centrifuged at 10,000rpm for 15 min and 2-3 drops of 
orthophosphoric acid was added to one ml of supernatant. Two ml of salkowasky 
reagent (Appendix 21) was then added to the aliquot. Samples were then incubated at 
room temperature for 25 min and the absorbance of pink colour developed was read at 
560 nm. The IAA concentration in the supernatant was determined using a calibration 
curve of pure IAA as a standard. 
Phosphate solubilizing efficiency: 
Phosphate solubilizing (PS) efficiency of the isolated bacterial cultures was detected 
using solid Pikovskaya medium (Appendix 6) having 5 g/l of tricalcium phosphate 
(TCP). The plates were spot inoculated with 10 pl of overnight grown bacterial 
culture and incubated at 28±2°C for 5-7 days. Upon incubation, the clear halo (zone of 
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phosphate solubilization) around bacterial growth indicating a positive activity was 
observed and the diameter of zone was measured. 
The solubilization index (SI) of the phosphate solubilizibg organism was calculated 
by Edi-Premono et al. (1996). 
Solubilization index- (Total diameter (colons' diameter+zonedian:e» ter)) 
colons' diameter 
Solubilization efficiency (SE)= (colony diameter=zonediarnem ter)x100 
In vitro assay of hydrogen cyanide and ammonia: 
The bacterial isolates were also screened for the production of HCN by adapting the 
method of Lorck (1948). Nutrient agar medium amended with 4.4 g glycineil was 
autoclaved and test organism was streaked on to the plate. Whatman no. 1 filter paper 
disc (9cm diameter) soaked in 0.5% picric acid and prepared in 2% sodium carbonate 
solution was placed on the lid of each pertiplate, sealed with parafilm and incubated at 
30°C for 4 days. Colour change of the filter paper from yellow to light brown was 
recorded after four days as an indication of weak, moderate, or strong cyanogenic 
activity, respectively. Reactions from inoculated plates were visually compared with 
corresponding uninoculated control plates. Bacterial isolates were tested for ammonia 
in peptone water (Appendix 22). Freshly grown cultures were inoculated in 10 ml 
peptone water in each tube and incubated for 48-72 h at 30°C. A 0.5 ml Nessler's 
reagent (Appendix 23) was added to each tube. Development of brown to yellow 
colour indicated a positive test for ammonia production as suggested by Dye (1962). 
Siderophore production: 
Siderophore produced by the test cultures was detected by FeCl3 test (Jalali et al. 
1990). Autoclaved nutrient broth was inoculated with 10µl of each isolate and 
incubated at 30°C for 4-8 days. After incubation, cultures were centrifuged (3000rpm) 
for 20 min. A one ml of supernatant was taken and one ml of 2% ferric chloride 
solution was added to each tube. Change in the colour from reddish brown to orange 
was observed. The results were compared with control having only one ml FeCl3 
added to sterile broth. 
Bioassay of antifungal activity of the rhizobacterial strains: 
The agar well defusion method as described by Melunood et al. (1999) was adopted. 
Three strains of fungi namely. Fusarium oxvsporum, Aspergillus sp. and Alternaria 
sp. isolated from soil of Faculty of Agricultural Sciences, A.M.U. Aligarh, were used 
to assay antifungal activity. In this, procedure, autoclaved potato dextrose agar 
(Appendix 24) was poured onto plates to a uniform depthof 5 mm and allowed to 
solidify. The plates were spreaded with cell spore suspension and spread properly to 
ensure the confluent growthof the organism. With the help of a borer, uniform sizes of 
wells (8mm) were made on the surface of agar at equidistance. Bacterial broth culture 
of each isolate was filled in the wells. The plates were kept at 28±2°C and incubated 
for 2-3 days. The plates were monitored for the zone of inhibition during incubation 
period and the diameter of the zones was measured. 
Minimum inhibitory concentration (MIIC) of heavy metals: 
The isolated bacterial strains were tested for their sensitivity/resistance to five heavy 
metals viz: cadmium, chromium, nickel, lead and zinc by agar plate dilution method 
(Holt et al., 1994) using minimal salt agar medium. The freshly prepared minimal salt 
agar plates amended with increasing concentration of cadmium (50, 150, 250, 350, 
450 and 550 pg/ml), chromium (0, 100, 150 and 200 pg/ml), nickel (0, 100, 150 and 
200 pg ml). lead (0, 250, 500 and 750 pg/ml) and zinc (0, 250, 500 and 750 pg/ml), 
were spot inoculated (10µ1) with 10s cells/ml. Plates were incubated at 28±2°C for 72 
h and the highest concentration of heavy metals supporting growth was defined as the 
maximum resistance level (MRL). Each experiment as replicated three times. 
Bacterial growth under metal stress: 
Bacteria showing high MRL values against chromium in minimal salt agar plates 
were selected. The stock solution of the chromium was prepared. Exponentially 
grown culture of the test organisms was inoculated into liquid minimal medium 
treated with different concentration of Cr (0.5x, 1.Ox and 2.0x), where X was 
30.26mg/kg and incubated at 30°C in a rotary shaker (150rpm) for different periods. 
A control was run simultaneously. Bacterial growth was observed turbidometrically at 
regular intervals by measuring optical density using spectrophotometer to 560 tun. 
Additionally, the viable cells were counted, as colony-forming units following 
standard protocol. 
Assays of plant growth promoting activities under metal-stress: 
The PGP activities like P-solubilization, IAA, siderophore, HCN and NH3 production 
were assayed both in the presence and absence of the selected insecticides under in 
vitro conditions. 
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Plant growth promoting activities of plant growth promoting rhizobacteria 
under metal stress bioassay of (IAA): 
The production of indole-3-acetic acid was by the method as discussed earlier. 
Selected strains were grown in LB broth supplemented with, three concentrations 
chromium (0, 100, 150 and 200 µg/ml), nickel (0, 100, 150 and 200 pg/rn)), lead (0, 
250, 500 and 750 pg/ml) and zinc (0, 250, 500 and 750 pg/mi). A 100 ml of LB broth 
supplemented with 0, 100, 150 and 200pg/ml of tryptophan was inoculated with l Ox 
cells/ml of one ml culture of bacterial isolates and was incubated for 48-72 h at 
28±2°C with shaking at 125rpm. After 48-72 h, five ml of each culture was 
centrifuged at 9000 g for 15 min and two nil of salkowsky reagent (Appendix 21) 
prepared in 2% 0.5ml FeCl3 in 35% perchloric acid, was added to two ml of 
supernatant was determined using a spectrophotometer (560nm) against a standard 
curve. The IAA production by the isolated bacterial culture was determined as 
discussed earlier. 
Bioassay of siderophore production: 
The siderophore produced by the test strains was quantitatively assayed using 
autoclaved nutrient broth (Appendix 15) supplemented with three concentrations 
chromium (0, 100, 150 and 200 pg/ml), nickel (0, 100, 150 and 200 pg/ml), lead (0, 
250, 500 and 750 pg/ml) and zinc (0, 250, 500 and 750 pg/ml) and inoculated with 
l0µ1 of each isolate and incubated at 30°C for 4-8 days. After incubation, cultures 
were centrifuged (3000rpm) for 20 min. One ml of supernatant was taken and one ml 
of 2% ferric chloride solution was added to each tube. Change in colour from reddish 
brown to orange was observed. The results were compared with control having only 
one ml FeCl3 added to sterile broth. 
Phosphate solubilization activity under heavy metal stress: 
The bacterial strains showing P-solubilizing activity during the screening process 
were selected and inoculated Pikovskaya agar medium. Pikovskaya medium 
supplemented with three concentrations chromium (0, 100, 150 and 200 pg/ml), 
nickel (0. 100, 150 and 200 pg/ml), lead (0. 250, 500 and 750 pg/ml) and zinc (0, 250, 
500 and 750 pg/ml) were inoculated with isolated bacterial strains showing phosphate 
solubilization on Pikovskaya medium and incubated at 28±2°C for seven days and 
observed for halo formation. The halo formed around the bacterial colony was 
measured. 
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in vitro assay of hydrogen cyanide and ammonia under metal stress: 
Bacterial strains were also screened ti)r the synthesis of HCN by adopting the method 
of Lorck (1948). Nutrient agar medium amended with 4.4 g glycineil was autoclaved 
and bacterial strains were steaked on to the medium plate supplemented with 
chromium (0, 100, 150 and 200g  ml), nickel (0, 100, 150 and 200µg/ml), lead (0, 
250, 500 and 750µg'ml) and zinc (0, 250, 500 and 750µg/ml). A Whatman filter paper 
No. 1 soaked in 2% sodium carbonate prepared in 0.511/0 picric acid was placed on the 
lid of each petriplate. Plates were sealed with paratilm and incubated at 28±2°C for 4 
days. Colour change of tilter paper from yellow to light brown, brown, or reddish 
brown was recorded after fi ur days as an indication of weak, moderate, or strong 
cyanogenic activity, respectively. Reactions from inoculated plates were visually 
compared with corresponding control plates containing no culture. The synthesis of 
ammonia by the bacterial strains was detected using peptone water in tubes 
supplemented with chromium (0, 100, 150 and 200µg/ml), nickel (0, 100, 150 and 
200pg/ml), lead (0, 250, 500 and 750pg,'ml) and zinc (0, 250, 500 and 750µg/ml) and 
incubated at 28±2°C for Ibur days. One nil of Nessler reagent (Appendix 23) was 
added to each tube. Development of yellow color indicsted a positive test for 
ammonia production. 
Determination of antibiotic sensitivity: 
To determine susceptibility of antibiotics, the plant growth promoting rhizobacteria 
were tested for their sensitivity to antibiotics. The reactions to antibiotics were 
determined by the disc diffusion method (Bauer et al., 1966). The antibiotic discs of 
known potency were obtained from Hi-media lab, Mumbai India. Muller Hinton agar 
(Appendix 25) plates without antibiotic disc or inoculums were incubated overnight at 
28±2°C as a purity check. Single colony of each isolate from freshly cultured agar 
slants were inoculated in nutrient broth and incubated at 28±2°C for 24 h. A 0.1 ml of 
each test isolate was taken on plate and evenly spread. Plates were mounted with 
antibiotic disc and incubated at 28=2°C for 24 h. The zones of inhibition around the 
antibiotic discs were measured and the strains were classified as resistant (R), 
intermediate (I) and susceptible (S). following the standard antibiotic disc sensitivity 
testing method (DIFCO, 1984) to the following antibiotics: Amoxicillin (Am), 
Chloramphenicol (C). Ciprofloxacin (Cf). Co-trimoxazole (Co), Erythromycin (E), 
Gentamycin (G). Methicillin (M), Nitrofurantoin (Nt). Novobiocin (Nv), Polymyxin 
B (Pb), Streptomycin (S) (Table 8). 
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Table (8): Antibiotics discs used in the present study 
Antibiotic 	 Disc code 




Chloramphenicol (C) 25 
Ciprofloxacin (Cf) 30 
Co-trimoxazole (Co) 25 
Erythromycin (E) 15 
Gentamycin (G) 30 
Methicillin (M) 30 
Nitrofurantoin (Nf) 100 
Novobiocin (Nv) 30 
Polymyxin B (Pb) 300 
Streptomycin (S) 25 
Heavy metal toxicity to legumes: 
The experiment was conducted to evaluate the toxic effects of single of combination 
of metals on inoculated chickpea (var. Avrodhi), pigeonpea (var. Bahar) grown under 
pot house conditions. 
Microbial inoculations, metal treatments and plant culture: 
Seeds of the commonly grown legumes, viz, chickpea and pigeonpea were obtained 
from (IARI), Pusa, New Delhi, India. Nitrogen fixing organisms specific to chickpea 
(Mesorhi:obium) pigeonpea (Rhi obium) were grown in yeast extract mannitol broth 
in flasks shaken at 150rpm at 28±2°C for six days to a cell density of 6x l 08 cells/mi. 
Seed of each legume were surface sterilized (Vincent, 1970) with 70% ethanol, 3 min; 
3% sodium hypochloridc, 3 min. rinsed six times with sterile water and dried. The 
sterile seeds were inoculated with Rhiobial culture specific to each legume by 
soaking the seeds in liquid culture medium for two hours using 10% gum Arabic as an 
adhesive agent to deliver = 10 cells/seed. Heavy metal were evaluated at half (0.5x), 
normal (ix) and double (2x) the normal concentration. The normal concentrations of 
metals used were (mg'kg soil): cadmium 13.24, chromium 30.26, nickel 162.76, lead 
105.7, and zinc 220.04 (mg/kg soil). The normal concentrations of each metal were 
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comparable to those detected in sewage treated soils used for chickpea and pigeonpea 
cultivation. The chloride sails of Cd (CdC1,.2H2Or Cd activity 98%; Hi media 
laboratories, Pvt. Ltd, Mumbai, India), Cr (VI) (K2Cr,01; Cr activity 99.5%; 
Qualigens Mumbai, India), Ni (NiC12.6H20; Ni activity 97%, Qualigens Mumbai, 
India), Pb (PbCl2; Pb activity 98%; Merck India Ltd.) and Zn (ZnCly Zn activity 97% 
central drug house, New Delhi, India) were dissolved in distilled water and applied to 
moist soil before sowing the inoculated seeds in 25x22c-m diameter clay pots. There 
metals were used singly or in combination as presented in (Table 9). Some pots 
without heavy metal but inoculated with rhizobial culture were used as control for 
comparison. All treatments received N, P, K fertilizers at rates of 20:50:50 for 
chickpea and 20:50:50 for pigeonpea. Nitrogen was applied as urea, P as 
diauunonium phosphate and K as muridc of potash. All fertilizer were dissolved in 
distilled water and added to soil surface at the time of sowing the legumes. Ten 
inoculated seeds were sown in clay pot containing 10 kg non-sterilized sandy clay 
loam. There was no used of sewage completely randomized design with 11 treatments 
for chickpea and 11 treatments of pigeonpca. Each treatment of three metal 
concentrations was replicated 6 times for chickpea and 6 times for pigeonpea. Plants 
in each pot were thinned to plants 10, 10, 7 and 7 days after emergence (DAE) of 
chickpea and pigeonpea respectively. Seeds were sown on October 28, 2007 
(Chickpea) and 10 June, 2007 (Pigeonpea). The pots were watered with tap water 
when required and were maintained in open field conditions. These experiments were 
conducted for two consecutive years with the identical environmental conditions with 
the same metal treatments to ensure the reproducibility of the results. 
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Table (9): Treatment of heavy metal applied to the soils 
Legume 	Treatment 	Metals applied 	Dose rate (mg/kg soil) 
No. 
Half Normal Double 
(0.5x) 	(1.0x) 	(2.0x) 
Chickpea TI 	Zn 	 110.02 220.04 440.08 
T3 	Pb I 	52.85 105.70 211.40 
T4 Cd 6.62 13.24 26.48 
T5 	Cr 	 15.13 30.26 60.52 
T6 	Ni+Cd 88.00 176.00 352.00 
T7 Ni+Cr 96.51 193.02 386.04 













Ni H Cr 1 Cd+Pb+Zn 	266.00 	532.00 	1064 
Control 	(Without 
metal) 
Zn 	 110.02 	220.04 	440.08 
81.38 	162.76 325.52 
52.85 	105.70 211.40 
6.62 	13.24 26.48 
15.13 	30.26 60.52 
88.00 176.00 352.00 
96.51 193.02 386.04 
21.75 43.50 - 87.00 












Biomass production and symbiotic development: 
All the plants of chickpea and pigeonpea were grown in three pots while were as at 
and for each treatment there were 3 replicates were removed 60, 90 and 135 DAS 
after seeding of chickpea, 60, 80 and 110 (DAS) for pigeonpea, respectively. The 
plants were used for destructive plant analysis to record the extent of nodulation. The 
roots were carefully washed and nodules produced on the roots systems of each 
legume were detached, counted oven dried at 80°C and weight. Plant growth, such es 
length of roots and shoots dry weight of roots and shoots and total dry plant biomass 
of all the two legumes was recorded at each sampling dates. Plant at all the uprooted 
sampling intervals were oven dried at 80°C to measure the total plant biomass. The 
leghoemglobin content in fresh nodules recovered from the root systems of each 
legume crop raised under metal stress and metal free conditions (control) was 
quantified for chickpea, by the method of Sadusivam & Manickam, (1992). Fresh 
nodules were macerated with the help of mortar and pestle in 5 ml sodium phosphate 
buffer (pH 7.4) (Appendix 26) and filtered through two layers of chessc cloth. The 
nodule debris was discarded. The turbid reddish brown filtrate was clarified by 
centrifugation at 10,000rpm for 30 min. The supernatant was diluted to 10 ml with 
sodium phosphate butd'er (pH 7.4). The extract was divided equally into two glass 
tubes (5mlltube) and equal amount of alkaline pyridine reagent (Appendix 27) was 
added to each tube, The hexamochrome formed was read at 556 and 539nm after 
adding a few crystals of potassium hexacynoferrate and sodium dithionite. 
respectively. The leghaemoglobin formed was read at 556nm and 539mn after adding 
a few crystals of potassium hexacynoferrate and sodium dithionite respectively. The 
leghaemoglobin content was calculated using the formula- 
Leghaemoglobin content (mM) = A5s6—A539x211123.4 
Where D is the initial dilution 
The remaining three pots of each treatment were maintained until harvest i.e. 135 
DAS for chickpea. 
Total chlorophyll and nitrogen contents: 
The total chlorophyll contents in fresh foliage of each experimental legume crop was 
quantified (chickpea) and (pigeonpea) by the method of Amon, (1949). Briefly 40 ml 
of 8Q% acetone with the help of mortar and pestle. The suspension was decanted in 
bunchner funnel having Whatman filter paper No. 1. The residue was ground three 
106 
times with 30. 20 and 10 ml of acetone. respectively and suspension was filtered 
again. Contents in mortar pestle was washed with 80% acetone and filtered. The 
filtrate was transferred to 100 ml volumetric flask and volume was made upto 100ml. 
The absorbance was read at 645 and 663nm using spectronic 20D spectrophotometer. 
The total chlorophyll content was calculated by the formula: 
Total chlorophyll= 20.2 (O.D. at 645nm) +8.02 (O.D. at 663nm) xV/lOOxW 
Where V= final volume of chlorophyll extract in 80% acetone and W= fresh weight of 
tissue extracted. 
The total nitrogen content of roots and shoots were measured at 60, 90 and 135 DAS 
(chickpea) and 60, 80 and 110 DAS (pigeonpea) by the micro-Kjeldahl method of 
lswaran & Marwah, (1980). First, 50 ml of the sample was taken in the Kjeldahl flask, 
moistened with 5 ml water, containing 15 ml N/ 100ml H2SO4  and shaken thoroughly. 
This was followed by the addition of NKNINO4 in small amount until pink colour 
appeared. The catalyst mixture (3g K-)SO4, 0.3g FeSO4.5H2O and 0.15g CuSO4.5H2O) 
was then added and sample was digested for 30 min. on low flame until the mixture 
became yellowish green. 
Seed yield and grain protein: 
Chickpea and pigeonpea were both finally harvested at 135 DAS and 110 DAS 
respectively, and seed yield was also measured. The protein content in grains of each 
legume was estimated by the method of Lowry, (1951). For protein estimation in 
grains, 500 mg of seeds were soaked in phosphate buffer (pH 7.4) and ground finally 
in 5-10 ml phosphate buffer (pH 7.4). The extract was centrifuged (4000rpm) and the 
supernatant was used for protein analysis. A 0.2 ml aliquot was taken from the sample 
extract and the volume was made upto one ml in each test tube, followed by the 
addition of 5 rnl copper solution (Appendix 28) to each test tube. Each sample was 
mixed well and allowed to stand for 10 min. and 0.5 ml Folins reagent (Appendix 29) 
was added to each test tube and incubated at room temperature for 30 min. 
Absorbance of blue colour was read at 660nm. The protein concentration in the 
supernatant was determined using a calibration curve of bovine serum albumin (BSA) 
as a standard. 
Seed Germination: 
Seeds of Ciccr arietinuin L. were surface sterilized with 1% HgCl2 for 30 min. They 
were rinsed with tap water followed by double distilled water and allowed to soak in 
de-ionized water (control) and different concentrations of Zn, Ni, Pd, Cr and Cd 
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solutions for four hours (20. 60, 80, 100 niM solution). Properly soaked seeds were 
transferred to petriplates, layered with tissue paper, and kept in incubator at 22f20C in 
three replicates. Paper of petriplates was already soaked with different heavy metal 
solutions. Seedlings were harvested after 15 days of treatment, roots and shoots were 
separated and lengths were measured. 
Biomass production: 
All the test plants viz chickpea were harvested after 135 days of germination. Roots 
and shoots were dried at 80°C for 18 h and then weighed separately. Data an 
nodulation were recorded 135 days after germination. The soil was gently washed 
from the roots and nodules were gently removed from the roots dried and weighed 
separately. On the basis of the current protocols on phytotoxicity tests (Purves, 1985). 
we evaluated that grade of growth inhibition (GO!) by the comparison of dry matter 
production of metal treated and control plant tissues. 
GGI= {(C-T)1C} x100 
Where, C and T represent the dry weight of tissues of control (C) and treated plants 
(T) 
Phytoaccumulntion of heavy metals: 
The metal content in roots, shoots and nodules of each legume crop was measured at 
different sampling periods as given in Table (10). 
Table (10): Accumulation of heavy metals measured at different stages of growth 
in plant organs of tested legumes grown in metal treated soils 
Legumes Plant organs used at Metals determined 
60 DAS 90 DAS 135 DAS 
Chickpea Root Root Root Zn, Ni, Ph, Cr, Cd 
Shoot Shoot Shoot Zn, Ni, Ph, Cr, Cd 
Nodules Nodules Nodules Zn, Ni, Pb, Cr, Cd 
Legumes Plant organs used at Metals determined 
60 DAS 80 DAS I I O DAS 
Pigeonpea Root Root Root Zn, Ni, Pb, Cr, Cd 
Shoot Shoot Shoot Zn, Ni, Pb, Cr, Cd 
Nodules Nodules Nodules Zn, Ni. Pb, Cr, Cd 
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The organ tissues and grains were digested in nitric acid and perchloric acid (4: 1) 
following the method of Ouzouni dou et al., (1992) and heavy ]petal concentration 
was determined using flame Atomic Absorption Spectrophotometer. 
Statistical analysis: 
Each pot in this study was considered as a replicate and each individual treatment was 
replicated six times for chickpea and six times for pigeonpea. Since the experiment 
was conducted consecutively for two years under the identical environmental 
conditions using the same single and multiple combination treatments, and the data 
obtained were homogenous the data of the measurement parameters were pooled 
together. 
Bioremediation studies using metal resistant Plant Growth Promoting 
Rhizobacteria! isolates: 
The Rhi_obial strain of Alesorhizobium RC3 resistant to chromium and Rhizobium 
RP2 resistant to chromium and phosphate solubilizers Bacillus BC5 resistant to 
chromium and BP7 resistant to chromium isolated in the present investigation were 
used for bioremcdiation studies using chickpea. pigeonpea as a test crop, when grown 
in the presence and absence of different heavy metals. The strain showing the highest 
tolerance to specific metal was chosen for plant inoculation in the presence and 
absence of a particular metal. 
Microbial treatments, metal application and legume growth: 
The experimental soil for bioremediation studies was sandy clay loam. Prior to 
inoculation of soil with PGPR, the cell suspension of isolate was grown in YEM broth 
(for Rhi. obia) and NB broth (for phosphate solubilizers) in flasks shaken at 120 rpm 
at 28±2°C for 5 and 3 days respectively to a cell density of 6x 108 (Rhlizobia) of 3x  10' 
cell/ml (for phosphate solubilizers). Seeds of chickpea (var. Avrodhi), pigeonpea (var. 
Bahar) were surface sterilized (Vincent, 1970) and were coated with metal resistant 
plant growth promoting Afesorhizobium strain RC3, Rhizobium strain RP2, 
respectively. Among the phosphate solubilizers, Bacillus strain BC5 was used to 
inoculate chickpea seeds and Bacillus strain BP7 was used to inoculate pigeonpea 
seeds. Seeds of each legume were soaked in liquid culture medium for 24 h using 
10% gum arabic as adhesive agent to deliver approximately 108 cells/seed for 
Rhizobia and 10 cells/seed for Bacillus. The non-coated sterilized seeds used as 
control were soaked in sterile water only. The non-inoculated sterilized seeds (10 
seeds per pot) were so on October 28, 2007 (chickpea), June,10 Pigeonpea, 2007 in 
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clay pots (25 cm high, 22cm internal diameter) using three kg unsterilized soil with 
control the three treatments. Treatments for each crop and metals were as follows- 
1. Chickpea inoculated with or without strain RC3, BC5 were grown in soils 
treated individually with 15.13, 30.26 and 60.52 mg/kg of Cr 
2. Pigeonpea inoculated with or without strain RP2. BP7 were grown in soils 
treated individually with 15.13, 30.26 and 60.52 mg'kg of Cr 
The normal concentrations of metals used in this study were similar to those used for 
phytotoxicity evaluation against each legume. The quantity of fertilizers and their 
mode of applications were same as used during the phytotoxicity trials. Each 
treatment was replicated nine times for chickpea and, each treatment was replicated 
six times for pigeonpea and were arranged in a completely randomized design. Plants 
in each pot were thinned to three plants 10, 10, 7 days and 7 days after emergence 
(DAE) of chickpea, and pigeonpea respectively. The pots were watered with tap water 
when required and were maintained in pen tield conditions. All treatments were 
repeated the following year with the identical environmental conditions to ensure the 
reproducibility of the results. 
Three pots having three plants per pot each treatment were removed at 60, 90 and 135 
days after seedlings (DAS) for chickpea, 60. 80 and 110 (DAS) for pigeonpea, 
respectively. The roots were carefully washed and nodules produced on the root 
system of each legume were detached, counted oven dried (at 80°C) and weighed. 
Plant growth such as the length of roots and shoots and dry matter accumulation in 
roots, shoots and whole plants was recorded at each sampling intervals. The 
remaining three pots for each treatment, having three plants per pot were maintained 
until harvest. The total N content in roots and shoots for all the legume crops were 
measured at each sampling day by the micro-Kjeldhl method (Iswaran & Marwah, 
1980). The total chlorophyll content in fresh foliage of each legume grown in metal 
stressed soil was quantified for chickpea and for pigeonpea by the method as 
discussed earlier. The legheamoglobin content in fresh nodules recovered from the 
root system of each legume crop raised under metal stressed and metal free soils 
(control) was quantified for chickpea. Seed yield and grain protein in chickpea, 
pigeonpea were estimated at harvest (Lowrey. 1951). Metal contents in plant organs 
(roots, shoots and grains) of chickpea and pigeonpea was determined by the method 
of Ouzouni dou et al.. (1992). For chickpea, and pigeonpea only chromium was 
determined in each plant organ. Data of the measured parameters recorded for two 
years pooled together and subjected to analysis of variance (ANOVA) for three and 
two factor pot culture experiment i.e. inoculation and metal concentration, and 
significant partial difference (CD) was calculated at 1% and 5% probability level. 
Results 
RESULTS 
Heavy metal analysis of different sampling sites by AAS is summarized in (Table 11). 
These data indicated that the sampling sites were highly polluted with zinc, lead, 
chromium and cadmium. The concentration of total zinc in the soil sample SS 1 was 
higher than that of control. There was considerable difference in the amount of 
cadmium at sampling sites with least cadmium detected in the control soil sample. 
The concentration of Zn was comparatively higher than other metals in this sample. 
As compared with soil sample irrigated with, industrial sewage, sewage water, 
displayed lower concentrations of zinc, lead, nickel, cadmium and chromium (Table 
11). Remarkable differences in concentration were observed for cadmium and zinc as 
these \%-ere the primary metals discharged from the industries at Aligarh. 
Total heavy metal concentration in soil and water: 
Heavy metal in polluted soils of Mathura road (Aligarh) and non polluted soils of 
Faculty of Agricultural sciences, AMU Aligarh was determined by AAS. The heavy 
metal concentration in polluted soils of Mathura road (S I) was cadmium (l 3.24mg/kg 
soil), chromium (30.26mg'kg soil), nickel (162.76mg1cg soil), zinc (220.04mg/kg 
soil), and lead (105.7mgkg soil). The heavy metal concentration in the conventional 
cultivated soils of the Faculty of Agricultural Sciences (S2) were recorded as nickel 
(10.8mg/kg soil). lead (8.12mg/kg soil), Zinc (19.2ing kg soil), chromium (6.3mg/kg 
soil), and cadmium (0.2mgikg soil) (Table 11). 
The atomic absorption spectrophotometric analysis of heavy metals (Cd, Cr. Zn, Ni 
and Pb) in the test samples from Mathura road Aligarh was evaluated. Compared to 
wastewater, soil contained higher levels of all these metals. The concentration of 
heavy metals in wastewater were recorded for lead (110.16), zinc (225.54), nickel 
(167.27), cadmium (14.84) and chromium (32.63) mg/kb soil relatively (Table II). 
The physicochemical analysis of wastewater and soil samples is presented in table 12 
& 13. Test samples collected from Mathura road, Aligarh wastewater drainage show 
pH 6.5. while the pH of agricultural soil irrigated with wastewater was 6.8. The soil of 
the sampling site is alluvial. The soil texture analysis showed that the soil is sandy 
clay loam having 0.81% organic carbon. Inorganic minerals such as sulfate, nitrate, 
phosphate. calcium and magnesium were present in variable concentrations in the test 
samples. The concentration of magnesium. phosphate. sulfate, nitrate, and calcium 
were recorded as 139.23, 1.86, 75.0, 7.79 and 158.6 respectively in the wastewater. 
Soil samples for microbiological studies were collected from the agricultural fields 
located in the close proximity of industrial area receiving industrial effluent for 
irrigation (S 1). The additional sample was collected from the agricultural field located 
at a far oft place from the industrial area which served as control (S2). This sample 
has received no exogenous input of metals and was irrigated with tube well water. 
Significant lower microbial counts were observed in the test soil sample as compared 
to the control (Table 14). Total Bacterial Count (TBC) was found highest in soil 
sample SI and the lowest was found in soil sample, S2. Total soil microbial counts 
were invariably low in polluted soil than control and the population of microbes 
decreased as the concentration of toxic metals increased which was related to the 
location of the sampling sites. The polluted samples showed a significant decrease 
over control in the total microbial counts including TAC (Table 14). The total 
bacteria, fungi, actinomycetes and nitrogen fixers were also estimated in the 
wastewater as well as in the soils. The counts of the resistant population of all these 
microorganisms were evaluated on cadmium, nickel, zinc, chromium and lead 
amended plates in the concentrations ranging from 750g/ml. It was found that 
microbial count was highest when no metal was added, but with the increasing metal 
concentrations gradual declines in their number have been observed. 
Microbial diversity of polluted and nonpolluted soils: 
The rhizosphere soil of chickpea and pigeonpea and mungbean was subjected to 
microbial analysis (Table 14). The viable counts of bacteria fungi and phosphate 
solubilizing microorganisms (PSM) differed among rhizosphere soils. Generally the 
microbial populations were less in polluted soils (SI) compared to non-polluted soils 
(S2). Bacterial populations in the rhizosphere of chickpea, pigeonpea and cabbage in 
SI were 59x 10, 51 x 1 O' and 63 x 1 OS CFU/g respectively, and in S2 of chickpea, 
pigeonpea and mungbean bacterial population was 60x 10`, 40x l Os and 46x 105 CFUig 
soil respectively. The fungal population in all the rhizosphere soils ranged between 
25x 104 CFU/g in chickpea 35x 10 CFU/g in mungbean from (S2) to 24x 104 in 
pigeonpea from (Si) and actinomycetes varied between 30x 103 CFU/g in (S2) 
mungbean and 20x 103 CFU/g in (SI) from pigeonpea. Source and designation of the 
bacterial isolates were shown in (table 15). 
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Morphological and biochemical characteristics: 
Morphological and biochemical characteristics of bacterial cultures isolated from 
various rhizospheric soils varied considerably among isolates (Table 16). Of the total 
bacterial isolates, 17.9% cultures were Gram positive and rod shaped. On nutrient 
agar plate, Gram positive isolates showed circular and irregular, raised colonies with 
white pigmentation while remaining 82.1 % were Gram negative and rod shaped. Of 
the total isolates, 32.1% formed characteristics shrinked, mucoid, gummy colonies on 
Jensen's plate which later on turned brownish black, probably due to production of 
melanin. A total of 21.4% isolates showed fluorescent green pigments on King's B 
plate under UV illuminator while 28.6% showed raised, button shaped mucoid colony 
on YEMA medium. The isolated bacterial cultures showed a variable biochemical 
reaction. They were further characterized for plant growth promoting activities like 
synthesis of ammonia. HCN, siderophore, IAA and phosphate solubilization. 
Identification of bacterial isolates: 
While comparing the various morphological, cultural, physiological and biochemical 
properties as observed in this study with those outlined in the Bergy's manual of 
determinative bacteriology (Holt et al.. 1994), the bacterial cultures were tentatively 
identified as belonging to the genera Bacillus (5), Pseudomonas (6), Azotobacter (9) 
and Rhi=obitim (8). 
Fermentation characteristics: 
In the present study, a total of 28 isolates were selected and tested for their 
fermentation ability using fructose, lactose glucose and sucrose in liquid culture 
medium (Table 17) (Plate 1A). Generally, Bacillus produced acid and gas with all 
sugars used in this study except lactose. All Pseudomonas strains produced acid when 
glucose was used as sole C source in fermentation broth whereas only 16.7% 
produced acid with lactose. A total of 37.5, 50, 50 and 25% of rhizobial isolates 
showed acid production when grown in phenol red broth medium supplemented with 
glucose, fructose, sucrose and lactose, respectively whereas 37.5, 37.5, 25 and 25% of 
rhizobial isolates tested positive for gas production against same sugars, respectively. 
Around 77.8% of A=otobacter strains displayed acid production with glucose and 
fructose whereas 44.4 and 22.2% Aotobacter strains displayed acid production in 
sucrose and lactose amended fermentation broth, respectively. All the A-otobacter 
showed gas production with all fermentation sugars except lactose. 
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Bioassay of Plant growth promoting activities: 
The PGP substances like hydrogen cyanide. siderophore, ammonia, IAA. phosphate 
solubilization, synthesized by the selected PGPR strains were assayed under in vitro 
experiments and are explained in the following section. 
Indole acetic acid: 
TI'he production of IAA by the selected bacterial strains was assayed in LB broth 
supplemented with different concentration of tryptophan (Table 18). Generally IAA 
produced by Bacillus ranged between 25µg ml (BC5) to 901g/ml (BP7) at 50T to 
200T. Generally the IAA production increases with rise in tryptophan concentration. 
Minimum IAA production increases in case of (BC5) and maximum IAA production 
increases by (BP7) in Bacillus strains. Minimum IAA produced by Rhi: obium ranged 
between 30pg/ml (RM8) at 50T to 60µg/ml at 200T and maximum 50µg/ml (RCM5) 
at 50T to 100.giml at 200T. In case of Pseudomonas strains, with increase in 
tryptophan concentration from 50T to 2001'. IAA production also increases 45 ig/ml 
to 100µg1ml in case of (PM6), which shows highest IAA production and minimum 
IAA produced by (PCM7) ranged between 30pg/ml at 50T to 70pg/ml at 200T. 
Maximum amount of IAA production in A:otobacter was observed (45 to 1 l0µghnl) 
at 50T to 200T in case of strain AC2, while the strain AP5 show minimum 
production (25µ,:m1) at 50T and (70p&ml) at 200T. 
In vitro assay of HCN ammonia: 
The plant growth promoting rhizobacterial strains were tested further for the synthesis 
of HCN using HCN induction medium, respectively. Azotobacter and Pseudomonas 
in general showed a maximum HCN production while HCN production by other 
isolates was less pronounced (Table 19). Of the total isolates, only 60% Bacillus 
isolates (BC5, BP4 and BM5) showed HCN production. In case of R/zzohiuin. 37.5% 
isolates (RC3, RP7 and RCM5) showed HCN production. In case of Pseudomonas 
67% isolates (PC3. PC5, PM8 and PCM 10) showed HCN production. whereas 
55.55% of the A_otobacter isolates (AC2, AC7, AP6, AM3 and ACM9) showed HCN 
production (Plate 1B). 
Ammonia production: 
In this study, all test isolates gave a positive result for ammonia with varying degree 
(Table 19). In general Pseudomonas showed maximum ammonia production while 
release of ammonia by other isolates was less pronounced. 
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Bioassay for siderophore production: 
Another important trait of plant growth promoting rhizobacteria PGPR is the 
production of siderophores that may indirectly affect the growth of plants. 
Siderophores are small, high-affinity iron chelating organic compounds secreted by 
microorganisms such as bacteria and fungi. Siderophores are amongst the strongest 
soluble Fe3+ binding agents known. Despite being one of the most abundant elements, 
the aviailablity of iron in many environments is limited by the very low solubility of 
the Fe j-ion. Microbes released siderophores to scavenge iron from these mineral 
phases by forming soluble Fe" complexes that can be taken up by active transport 
mechanisms. 	In the present study all isolates belonging to genera Bacillus, 
Pseudomonas and 1 otobacter were positive for siderophore production (Table 19). 
Among all the test isolates. Pseudomonas strains showed maximum siderophore 
production (Table 19). 
Phosphate solubilization on solid medium: 
The rhizospheric bacteria when tested on Pikovskaya agar plates in this study 
produced a celar halo zone around their growth (Fig.11). The PGPR were further 
evaluated for their phosphate solubilizing potential, on solid Pikovskaya medium. Of 
the total isolates (N=28), 50% of the PGPR strain showed the phosphate solubilizing 
activity as detected by the formation of clear halo around their growth on Pikovskaya 
agar plate. In our study, Pseudomonas strains PC3, PC5, PM6, and PCM 10, 
Azotobacter strains AP8 and ACM4 produced clear zone (? 10mm) of phosphate 
solubilization on Pikovskaya plates supplemented with tri-calcium phosphate, 
whereas zone size produced by Bacillus, and rhizobia isolates was less than 10mm in 
size. The zone of P-solubilization on Pikovskaya agar plates ranged in general 
between 4mm (RC3 and RM8) to 12mm (PC5). Generally, the P-solubilization by 
microbes is impacted by the synthesis of organic acids. Some of the common organic 
acid released by PGPR includes gluconic, citric, oxalic, tartaric, succinic and :-
ketobutric acid. In addition the solubilization index (S1) for all bacterial strains ranged 
between 2.2 (RM4, RCM3 and RCM5) to (BM2) (Fig.12) while solubilisation 
efficiency of isolated bacterial strains varied between 50 (BM2) to 80 (RC6, RM4 and 
RCM5) (Fig. 13). From the present study, it was observed that Rhi_obium was the 




The antifungal activity of Bacillus and Rhi:obium as well as Pesudomonas and 
A otobactcr- against phytopathogens like Alternaria sp., Fusarium oxtisporiun and 
Aspergillus sp. was assayed on the Potato dextrose agar (PDA) medium. Antifungal 
activity of the bacterial strains varied considerably with all the fungal pathogens 
studied (Table 20) (Plate 1 F & G). The maximum zone of inhibition (28mm) was 
produced by Pseudomonas strains PC5 against P usarium oxrsporum sp. on PDA 
plate. Of the phytopathogens. Aspergillus was inhibited maximally by the (78%) 
bacterial isolates. Followed by Alternaria (71%) and Fuasarium (64%). It was 
observed that all Bacillus strains showed antagonism against Aslergillus spp. and 
Alternaria spp., while all Pscudonronas inhibited Aspergillus growth on PDA. 
Tolerance of PGPR to metals: 
The selected PGP rhiz_obacterial strains were tested for their ability to tolerate various 
concentration of heavy metals like, cadmium, chromium, nickel lead and zinc using 
agar plate dilution method. Generally, the PGPR strains showed a varied level of 
tolerance to heavy metals. Among the Mesorhi:obrum strains, strain RC'3 showed 
highest tolerance to most of the metals (Table 21). Strain RC 3 tolerated a 
concentration of 550, 450, 450, 450. and 550µg'm1 of cadmium, chromium, nickel, 
lead, and zinc respectively, amended in agar plates where strain RP2 showed a 
tolerance level of 450, 450, 450, and 750pg/ml to cadmium, chromium, nickel, lead, 
and zinc respectively, added to solid plates. Rhizobium isolated from mungbean 
nodules RM8, showed highest tolerance of the metals. RM8 strain showed a higher 
tolerance to cadmium (450pg'm1), chromium (450pg/ml), nickel (350µg/ml), lead 
(450µg/ml), and zinc (750pgiml). 
In comparison, among the phosphate solubilizers, the Bacillus spp. BC5 and BP7 
tolerated most of the tested metals (Table 2 1). Bacillus BC5 showed a higher 
tolerance to cadmium (350pg`ml), chromium (450pg/ml), nickel (450pg/ml), lead 
(450µg/ml) and (750µg'ml) zinc, strain BP7 showed a higher tolerance to cadmium 
(350µg/ml), chromium (450pg/ml), nickel (350pg'ml), (350µg/ml) lead and 
(450pg/ml) zinc. 
In comparison, among the phosphate solubilizers the Pseudorvonas spp. PCM7 
showed high tolerance of metals. Pserrdomonas (PCM7) showed high tolerance of 
cadmium (450µg/ml). chromium (550.tgm1), nickel (450µg/ml), lead (450 tg/ml) and 
zinc (750µg/ml). 
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in comparison, among the phosphate solubilizers the Acotobacter spp. AP5 showed 
high tolerance of metals. .4_otobacter spp. AP5 showed high tolerance of cadmium 
(350µg/ml), chromium (450µg/ml), nickel (450pg/rnl), lead (350pg/ml) and zinc 
(550pg/ml) (Table 21). 
Plant growth promoting activities under metal stress: 
Metal tolerant bacterial strains were evaluated further for their PGP activities in their 
respective medium supplemented with different concentration of selected metals. The 
bacterial strains showing higher tolerance to metals and exhibiting substantial 
production of PGP substances in vitro have been included in this study. 
In vitro assay of ammonia and HCN under metal stress: 
All the bacterial strains were further tested for HCN and ammonia production under 
in vitro conditions in the presence of different concentrations of selected heavy 
metals. Ammonia production however, did not get inhibited in bacterial strains under 
3 concentrations of Cr, Ni, Pb and Zn, stressed condition though the intensity was 
reduced at highst concentration in selected strains (Table 22). Pseudomonas strain 
PM6 in our study was found to be highest HCN producer at all 3 concentrations of Cr, 
Ni, Pb and Zn. Rhi ohiunz strain RC3 has also shown HCN production but with less 
intensity. The HCN production by Bacillus strain BP7 decreased with increasing 
concentrations of Cr, Ni, Pb and Zn. A t_otobactor strain AC2 show very less HCN 
production in the presence of increasing concentrations of Cr, Ni, Ph and Zn (Table 
22). 
IAA production under metal stress: 
A total of 5 PGPR strains were used in this study. The effect of 3 concentrations each 
of chromium, nickel, lead and zinc on IAA production PGPR was as determined in 
LB broth supplemented with 50, 100 & 150Vg/ml of tryptophan (Table 22) metal 
tolerance PGPR used in this study produced a substantial amount of plant growth 
promoting substances both in the absence & presence of metals (Table 22). 
The maximum IAA production of Pseudomonas (PM6) at 150T, 26.6pgiml of 
I OOpg/ml chromium, 24.1 pg/ml of 100pgiml nickel, 24.2.tg/ml of 250µg/ml lead and 
24.8 tg/ml for 250pg'ml zinc respectively. When the concentration of metal increases 
the production of IAA decreases. At SOT maximum IAA production of Pseudomonas 
(PM6) 15.6µgiml (100pgiml chromium), 15.8 tg/ml (100.tg/ml nickel), 16.3pg/ml 
(250µglinl lead) and 16.Ogg/ml (250µg/m1 zinc) respectively. The minimum 
production of IAA at 150T under metal stress 24.0pg;'ml (200pg/m1 chromium), 
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23.0µg/ml (200.g/rnl nickel). 23.8pg`ml (750pg/ml lead) and 23.3µg/ml (750pg/ml 
zinc), when metal concentration increases the production of IAA decreases. The 
minimum IAA production of Pseudomonas (PM6) at 50T, 14.7pg/ml (200pg/ml 
chromium). 15.2jg/ml (200ug/ml nickel), I5.3µgiml (750µg/m1 lead) and I5.2µglml 
(750pg/ml zinc). The data revealed a concentration dependent increase in IAA. The 
maximum production of IAA 22.Opg/ml when Rhizobium strain RC3 was grown in 
broth having 200pg/ml of chromium concentration. The amounts of IAA produced by 
the Rhizobium strains decreased progressively with increase in metal concentration. 
When the concentration of metal increases the production of IAA decreases. At 50T 
maximum IAA production of Rhizobium strain RC3 was 15.7p.g/ml (100pg/ml 
chromium). 10.8 (100µg/ml nickel), 11.5 (250pg/ml lead) and 1 1.2µglml (250µglml 
zinc) respectively. The minimum IAA production at 150T under metal stress was 
23.8µg/m1 (100µg/ml chromium), 21.2pg/ml (100pg/ml nickel), 21.4pg/ml 
(250pgiml lead) and 23.1 µg/ml (250pg/ml zinc). The minimum production of IAA at 
50T. 13.4pg/ml (200pg/ml chromium), 10.1 jig/ml (200µg/ml nickel), 10.3µg/ml 
(750µg/ml lead) and i0.2jig/'ml (750pg/ml zinc). At the lowest rates of each metal 
compared to control (without metal) the amount of IAA produced at the highest tested 
rates of each metal was lower compared to control. In general, the heavy metals did 
not affect the synthesis of IAA by the Rhi obial strains negatively, though it 
decreased marginally with increasing concentration of heavy metals. 
Metal tolerant strains of phosphate solubilizing bacteria were also tested for IAA 
production under metal stressed environment (Table 22). The synthesis of IAA by the 
P solubilizers increased consistently with increasing concentration of tryptophan both 
in the presence & absence of heavy metals but decreased progressively with 
increasing levels of heavy metals (Table 22). The maximum IAA production by the 
Bacillus isolates (Bacillus BP7) under metal stress at 150T, 17.5pg/ml (100pg/ml 
chromium), 21.5pg/ml (100µg/ml nickel), 22.8pg/ml (250pLg/ml lead) and 19.6µg/ml 
(250µg/ml zinc) µg/ml. Among the three concentration of each metal, chromium, 
nickel, lead & zinc showed maximum concentration by Bacillus strains at 50T, 
17.5pg/ml (100µg/ml chromium), 15.0µgiml (100pgiml nickel), 13.2pg/ml 
(250pg/ml lead) and 12.3pg/ml (250gg/nll zinc) jig/ml. The minimum IAA 
production at 150T under metal stress 16.7pg/ml (200pg/ml chromium), 20.4pg/ml 
(200µg'ml nickel), 20.1 pg/ml (750pg/ml lead) and 19.Opg/ml (750pg/ml zinc), when 
metal concentration increases the production of IAA decreases. The minimum 
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production of !AA at 50T, was 15.5pgiml (200pg/ml chromium), 13.9pg/ml 
(200pg ml nickel), 12.5pg~'ml (750pg/ml lead) and 10.7pg,'ml (750Ag/ml zinc). Metal 
tolerant strains of PSB bacteria were also tested for IAA production under metal stress 
environment. The maximum IAA production by Aotobacter (AC2) show maximum 
IAA production at 150T, (100pg/ml chromium) 21.5µg/ml, (100pg/ml nickel) 
22.6pg/ml, (250pg'ml lead) 24.9pg/ml and (250pg/ml zinc) 25.Opg/ml respectively. 
When the concentration of metal increases the production of IAA decreases and if the 
stress of metal decreases production of IAA increases. The minimum IAA production 
at 50T by AC2 13.3µg/ml (100pg/ml chromium), 12.9µg/ml (100pg/ml nickel), 
14.2µg;/m1 (250pg/ml lead) and 14.4 pg,/ml (250pg/ml zinc) respectively. Minimum 
production of IAA at 150T, 18.5pg/ml (200µg/ml chromium), 20.6pg/ml (200pg/ml 
nickel), 22.0µg/ml (750pg/ml lead) and 24.0µg/ml (750µg/ml zinc) respectively. At 
50 T. 12.5pg/mI (200µg/ml chromium), ll.8pg/ml (200µg/ml nickel), 13.7gg/ml 
(750µgIml lead) and 13.8µg/ml (750pg/ml zinc) shows minimum IAA production 
when concentration of metal increases. 
Bioassay for siderophore production under metal stress: 
In the present investigation, production of siderophpores by the metal tolerant strains 
of PGPR was also determined in nutrient broth tubes supplemented with or without 
chromium, nickel, lead and zinc (Table 22). Generally, the PGPR strains showed 
siderophore activity on metal amended tubes. The intensity was reduced at higher 
concentration of metals at 200pg/ml of chromium and nickel and at 750µg/ml of lead 
and zinc in selected strains of Pseudomonas (PM6), Rhizobium (RC3), Bacillus (BP7) 
and Azotobacter (AC2) showed in table 22. 
Phosphate solubilizing as influenced by heavy metals: 
The rhizospheric bacteria when tested on Pikovskaya agar plates in this study 
produced a celar halo zone around their growth. The PGPR were further evaluated for 
their phosphate solubilizing potential, on solid Pikovskaya medium. In our study. 
Pseudomonas strain PM6 produced 9 (mm) and 7 (mm) and Bacillus strain, Bacillus 
(BP7) 7 (mm) and 8 (mm) clear zone of phosphate solubilization on Pikovskaya 
plates supplemented with tri-calcium phosphate, whereas zone size produced by 
Azotobacter strain (AC2) 7 (mm) and 4 (mm) and Rhizohium strain (RC3) 7 (mm) and 
6 (mm). isolates in size at 100pg/ml of chromium and nickel as compared to control 
(Fig.14A,B). In this study Pseudomonas strain PM6, 9 (mm) and 7 (mm) and Bacillus 
strain, Bacillus (BP7) 9 (mm), 8 (mm) and 7 (mm), 7 (mm) showed zone of phosphate 
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solubilization on Pikovskaya plates at 250pg/ml of lead and zinc as compared to 
control (Fig.14C,D). In addition the solubilization index (SI) for all bacterial strains 
ranged (2.16 to 2.67mm) at 100-200 pg/ml of chromium and (1.8 to 3mm) 100-200 
pg/ml of nickel as compared to control (Fig.15A,B). The solubilization index (SI) 
ranged between 2.16 to 2.75 and 2.4 to 2.75 at 250-750µg%ml of lead and zinc for all 
bacterial strains as compared to control (Fig.15C,D). From the present study. it was 
observed that solubilization efficiency of for all bacterial strains 86 and 83 at 
100µg/ml of chromium and nickel and 85 and 80 at 250-750pg/ml of lead and zinc as 
compared to control (Fig.16A,B,C & D). 
Tolerance of PGPR to antibiotics: 
The bacterial isolates including Bacillus, Rhi_obium, Pseudomonas, and Azotobacter 
were further tested for their sensitivity/resistance towards antimicrobial drugs. In the 
study, 71% of the total isolates showed resistance to 25 mcg/disc amoxicillin, 64% 
resistance to 25 meg/disc chloramphenicol, 78% resistance to 30 meg/disc 
ciprofloxacin. 67% resistance to 25 meg/disc co-trimoxazole, 85% resistance to 15 
mcgidise erythromycin, 60 % resistance to 30 meg/disc gentamycin, 75% resistance 
to 30 mcg/disc methicillin, 71% resistance to 100 meg/disc nitrofurantoin, 50% 
resistance to 30 mcg'disc novobiocin, 82% resistance to 300 meg/disc polymyxin B 
and 42% resistance to 25 mcg/disc streptomycin. Among bacterial strains, (20%) 
Bacillus, (50%) Rhi:obiu,n, (17%) Pseudomonas and (22%) Azotobacter strains were 
resistance to 25 mcg/disc amoxicillin, (40%) Bacillus, (50%) Rhizobium, (16%) 
Pseudomonas and (22%) Azotobacter strains were resistance to 25 meg/disc 
chloramphenicol. Bacillus strains were not resistance to 30 mcg/disc ciprofloxacin, 
while (25%) Rhizobium, (33%) Pseudomonas and (22%) Azotobacter strains were 
resistance to 30 meg/disc ciprofloxacin, (50%) Bacillus, (25%) Rhizobium, (17%) 
Pseudomonas and (33%) Azotobacter strains were resistance to 25 mcg/disc co-
trimoxazole, Bacillus strains were not show resistance to 15 mcg/disc erythromycin, 
while (25%) Rhizobiuni, (33%) Pseudomonas and (11%) Azotobacter strains were 
resistant to 15 meg/disc erythromycin, (20%) Bacillus. (50%) Rhi:obium, (33%) 
Pseudomonas and (44%) Azotobacter strains were resistance to 30 meg/disc 
gentamycin, (20%) Bacillus, (37%) Rhi:obium, (17%) Pseudomonas and (22%) 
Azotobacter strains were resistance to 30 meg/disc methicillin, (20%) Bacillus, (25%) 
Rhizobium, (33%) Pseudomonas and (33%) Azotobacter strains were resistance to 
100 mcg/disc nitrofurantoin, (40%) Bacillus, (50%) Rhizobium, (83%) Pseudomonas 
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and (33%) Azotobacter strains were resistance to 30 meg/disc novobiocin, Bacillus 
and Pseudomonas strains were not resistance to 300 mcg/disc polymyxin B. while 
(37%) Rhizobium and (22%) Azotobacter strains were resistance to 300 meg/disc 
polymyxin B. (60%) Bacillus, (50%) Rhizobium, (67%) Pseudomonas and (78%) 
Azotobacter strains were resistant to 25 mcg/disc streptomycin (Table 23, 24). 
Low range resistance to a range of antibiotics has been used to characterize the 
organism in order to develop therapy for pathogenic microbes. However, the 
antibiotic resistance pattern or the sensitivity of microbes towards antimicrobial drugs 
varies from antibiotics to antibiotics and culture to culture. To detect the sensitivity of 
microorganisms to these agents (antibiotics) standard methods are therefore needed so 
that a drug against infectious organisms can be designed and developed. 
In the present study, the disc diffusion method was employed to evaluate the 
sensitivity or resistance profile of different antibiotics against agronomically 
important rhizosphere microbes. The result on the antibiotic resistant pattern of the 
selected PGPR strains demonstrated the validity of this technique. PGPR strains were 
either sensitive or responded poorly to novobiocin streptomycin and gentamvcin etc. 
These antibiotics can be used as a selective agent for the isolation of PGPR like 
Bacillus. Rhizobium, Pseudoinonas and A:otobacter. 
In this study among all the rhizobacterial strains among all Bacillus (50%) Bacillus 
strains were resistant to co-trimoxazole, while Bacillus strains were not resistant to 
ciprofloxacin, erythromycin and polyinyxin. Rhizobium showed maximum 50% 
resistance to amoxicillin. A total of Azotobacter strains, 83% maximum resistant to 
novobiocin was showed by Azotobacter, while only (1 1 %) Azotobacter strains 
showed resistant to erythromycin. A total of Pseudomonas strains, 83% Pseudomonas 
were resistant to novibiocin while Pseudomonas strains were not resistance to 
polymyxin (Table 23, 24). Among the PGPR, Rhizobium and Pseudomonas in general 
exhibited greater resistance towards all the antibiotics (90°'0) to (89%) as compared to 
other PGPR strains. Antibiotic sensitivy resistance profile of the selected PGPR 
strains was highly reproducible from experiment to experiment indicating that these 
characters were generally or strongly preserved during the growth of these cultures. 
Variation in the sensitivity/resistance of PGPR toard antimicrobial agent was further 
evaluated in terms of their zone producing potential against various antibiotics using 
disk diffusion method. The inhibition zone of sensitive strains to antibacterial drugs 
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varied between 2mm (RM4 and ACM4) to 24mm (BC5). Greater zone of inhibition 
was recorded with BC5 against erythromycin followed by gentamycin (Table 23, 24). 
Chickpea: 
Toxicity of heavy metals for legumes: 
Plant growth: 
The effect of heavy metal on chickpea crop grown in unsterilized pot soil was variable 
and metal concentration dependent (Plate 2). Among all the single metal treatments 
cadmium was found to be the most phytotoxic and significantly (P50.05 and 0.01) 
reduced the plant growth at all three concentrations among all the doses. Maximum 
reduction in root length at O.Sx (6.62mg'kg soil) IAx (13.24mg/kg soil) and 2.Ox 
(26.48mg/kg soil) was recorded as (65.43, 74.22 and 82.52%) after 60 days, (62.51, 
69.93 and 79.14%) after 90 days and (53.54, 66.48 and 74.28%) after 135 days of 
sowing respectively, as compared to control. Similarly maximum reduction in shoot 
length was recorded as (69.07, 80.70 and 89.83%) after 60 days, (64.40, 75.09 and 
85.33%) after 90 days and (59.45, 71.46 and 80.39%) after 135 days of sowing 
respectively as compared to control (Table 25) (Plate 2A). Reduction in dry matter of 
roots was recorded highest with cadmium after 60 days (82.40. 90.40 and 97.60%), 
after 90 days (79.21, 89.11 and 94.56%). after 135 days (84.51, 91.77 and 94.68%) as 
compared to control (Table 26). Reduction of shoot dry matter was lowest on 
application of cadmium after 60 days (44.84, 53.06 and 54.33%), after 90 days (45.73, 
51.97, and 53.35%) and after 135 days (48.04, 54.51 and 57.65%) as compared to 
control (Table 26). 
Chromium was found to be the least phytotoxic among all the metal treatments as 
minimum reduction in the plant growth was recorded at all the three concentrations. 
Minimum reduction in root length at concentration 0.5x (15.13mg/kg soil), 1.Ox 
(30.26mg/kg soil) and at concentration 2.Ox (60.52mg/kg soil) was recorded as 21.27, 
48.78 and 65.04% after 60 days; 17.01, 45.75 and 66.49% after 90 days, and 12.98, 
40.84 and 55.96% alter 135 days respectively as compared to control (Table 25 ). 
Minimum reduction in shoot length was recorded as (16.95, 34.57 and 46.11%) after 
60 days, (19.57, 32.90 and 47.15%) after 90 days and 22.18, 32.66 and 45.81% at 135 
days as compared to control table (25) (Plate 3 (11A). Reduction in dry root matter 
was found to be lowest as 10.40, 36 and 41.60%, after 60 days 14.86, 45.04 and 
59.90%, after 90 days 48.67, 65.61 and 77% after 135 days respectively as compared 
to control table (26). Minimum dry shoot matter reduction atier 60 days was 
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calculated as 4.34, 7.66 and 12.76%, after 90 days (9.47, 14.09, and 17.78%; and after 
135 days 17.85, 23.14 and 26.27% respectively as compared to control (Table 26). 
Reduction in root length of chickpea with zinc inoculated soil, at concentration 0.5x 
(110.02 mg/kg soil) 1.Ox (220.04mg/kg soil) and 2.Ox (440.08mg/kg soil) after 60 
days was calculated as, (30.41, 54.24 and 71.04%), after 90 days (22.18, 54.09 and 
69.98%), and after 135 days (20.91, 47.89 and 64.99%), respectively as compared to 
control table (25). Similarly reduction in shoot length of chickpea after 60 days was 
calculated as (30.29, 41.23 and 55.99%); after 90 days (23.28, 41.01 and 52.60%), 
after 135 days (28.77, 38.60 and 51.65%) as compared to control plant (Table 25) 
(Plate 2C). Reduction in dry matter of root after 60 days was recorded as 40.80, 50.40 
and 57.60%, after 90 days (51.48, 58.91 and 68.81%); after 135 days (70.46, 73.36 
and 79.90%) as compared to control show in table (26). Shoot dry matter reduction 
was recorded as after 60 days as (22.95, 31.88 and 36.98%), after 90 days (21.02, 
32.10 and 38.33%), after 135 days (29.41, 37.06 and 43.14°0) table (26). 
Reduction of root length with nickel inoculated soil at concentration 0.5x 
(81.38mg/kg soil), and 1.Ox (162.76mgikg soil) 2.Ox (325.52mg/kg soil) was recorded 
as (35.97, 59.46 and 70.49%) after 60 days; (29.25, 58.19 and 69.28%) after 90 days 
and, (23.74, 51.80 and 66.72%) after 135 days respectively as compared to control 
(Table 25). Reduction in shoot length after 60 days was recorded as (33.59, 43.21 and 
69.37%), after 90 days (29.59, 41.40 and 52.33%) and after 135 days (31.73. 42.01 
and 51.51%) in comparison to control table (25) (Plate 2B). Reduction in dry matter 
of chickpea plant in root after 60 days was recorded as (68.80, 78.40 and 85.60%), 
after 90 days (74.75, 79.21 and 84.15%). after 135 days (82.57, 85.71 and 89.10%) as 
compared to control (Table 26). Reduction in shoot dry weight after 60 days was 
recorded as 28.06, 33.16 and 41.32%, after 90 days 28.18, 34.41 and 41.l1?/o, after 
135 days 34.31, 38.43 and 45.29% respectively as comparison to control (Table 26). 
The reduction of root length with lead inoculated soil at concentration 0.5x (52.85 
mg/kg soil), 1.Ox (105.70mg/kg soil), and 2.Ox (211.40mg/kg soil) was reduced to 
(26.22, 50.80 and 70.21%) after 60 days, (21.02, 49.65 and 66.28%) after 90 days; 
and (16.82, 44.75 and 60.42%) after 135 days in comparison to control. Reduction in 
shoot length of chickpea was recorded after 60 days (21.66, 37.88 and 55.05%), after 
90 days (18.77, 36.95 and 45.07%). after 135 days (25.87, 35.19 and 48.55%) as 
compared to control (Table 25) (Plate 2D). Reduction in dry matter of root was 
recorded as (50.40, 59.20 and 79.60%), after 60 days and (54.96, 59.91 and 68.82%) 
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after 90 days and (57.87. 70.70, 77.24%) after 135 days as compared to control (Table 
26). Shoot dry matter reduction was recorded as (12.24, 18.62 and 26.27%), after 60 
days (14.55, 21.70 and 28.87%), after 90 days and (22.16, 29.02 and 34.70) after 135 
days respectively compared to control (Table 26). 
The root shoot length and dry matter reduction was significantly (P<0.05) increase in 
the combination of metals as compared to the singly inoculated metals. In 
combination of metals Ni+Cd the reduction in root length of chickpea at concentration 
0.5x (88.00mg/kg soil) 1.Ox (176.00mg. kg soil) 2.Ox (352.00mglkg soil) were 
recorded as at 60 days as (49.16, 64.98 and 75.78%), after 90 days (49.69 59.59 and 
73.06%). after 135 days (41.35, 53.30 and 68.36%) respectively as compared to 
control (Table 25). Reduction in shoot length after 60 days was recorded as (60.79, 
68.60, and 78.85%) after 90 days, (52.60, 65.02 and 73.87%) after 135 days (44.43, 
59.79 and 70.84%) as compared to control (Table 25). Reduction in dry matter of 
chickpea plant in root after 60 days was calculated as (81 .60. 90.40 and 96.80%), after 
90 days (79.21, 83.67 and 93.07%), and after 135 days (84.02. 87.17 and 91.77%) as 
compared to control (Table 26). Reduction in dry matter of chickpea plant in shoot 
after 60 days was recorded as 54.84, 61.22 and 62.50%, after 90 days (54.74, 59.35 
and 60.74%), after 135 days (57.65, 60.40, 64.71%); respectively as compared to 
control (Table 26). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) reduced the plant growth and dry 
matter at all the three concentrations among all the dose. In combination of metals 
Ni-Cr, the reduction in root length of chickpea at concentration 0.5x (96.51 mg/kg 
soil) 1.Ox (193.02mg/kg soil), 2.Ox (386.04mg/kg soil) was recorded as (42.92, 54.01 
and 68.87%); after 60 days (41.37, 53.88 and 60.53%) after 90 days and (37.94, 49.11 
and 59.13%), after 135 days respectively. The shoot length of the plant was reduced 
to (46.07, 64.82 and 72.71%) after 60 days, (39.42, 58.81 and 66.24%), after 90 days 
and (42.69, 52.86 and 66.30%) after 135 days respectively as compared to control 
(Table 25). Reduction in dry matter of chickpea plant in root at 60 days was recorded 
as (56.80, 57.60 and 73.60°/6); after 90 days (59.40, 63.86 and 73.77%), after 135 clays 
(71.43, 74.58 and 78.94°,%) as compared to control (Table 26). Reduction in dry matter 
of chickpea plant of shoot after 60 days was recorded as (59.94, 66.07 and 69.89%), at 
90 days (58.66, 65.82 and 69.74%), after 135 days (61.76, 67.84 and 71.57%) in 
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82.35 and 88.71%), and after 135 days (65.23, 75.62 and 84.17%) as compared to 
control. Reduction in shoot length reduction was recorded after 60 days as (73.57, 
81.12 and 90.78%), after 90 days as (70.82, 79.32 and 85.11%) after 135 days as 
(68.53, 76.92 and 82%) as compared to control (Table 25). When cadmium was 
applied along with nickel, chromium, lead and zinc declined the root and shoot dry 
matter of the plant. Reduction in dry matter of chickpea plant in root after 60 days 
was recorded as (86.40. 94.40 and 99.20%) after 90 days as (85.14, 93.06 and 
98.01%) after 135 days (86.68, 91.52 and 97.7%) compared to control (Table 26). 
Reduction in dry matter of chickpea plant in shoot after 60 days was calculated as 
(71.17, 73.21 and 74.23%), at 90 days (70.67, 74.59 and 76.67%), after 135 days 
(73.72, 76.27 and 79.21 %) as compared to control (Table 26). 
In general the plant growth increased with plant age but decreased with increasing 
concentration of each metal, used either singly or in combination treatments. 
Generally, the combination of two or three metals showed enhanced phytotoxic effect 
in comparison to the single metal application treatments. 
Svnibiotic traits: 
In leguminous plants, the dry weight of nodules varied inversely with the 
concentration of metals used, Cd causing the greater effect compared to other metals 
used in the study. Observation of the legume roots after washing showed that the 
nodules were small, white, and evenly spread throughout the entire root system 
following treatment with Cd in the case of chickpea. Nodulation was invariably 
observed in both the leguminous crops at all the three concentrations. The effect of 
heavy metal on the nodulation of plant differed at different metal treatment at 60, 90 
and 135 days. The large sized nodules found on the main roots while the small size 
nodules were scattered all through the adventitious roots (Plate 6A). 
However, the number of nodules was usually lower in Cd treatment, suggesting more 
toxic effect of Cd to nodule formation compared to other metals (Table 27). Metal-
treated leguminous plants showed a significant reduction in nodule numbers over 
control plants. Among the single metal treatment cadmium showed a profound toxic 
effect on symbiosis and reduced the number of nodules per plant. The number of 
nodules per plant decreased considerably with metals at both the stages of plant 
growth and was greatly influenced by the concentration of metals applied. A 
maximum reduction on nodules number of the plant at three concentrations 0.5x 
(6.62mg/kg soil) 1.Ox (13.24mg/kg soil) and 2.Ox (26.48mg/kg soil) was recorded as 
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(73.33, 88.93 and 95.60%) after 60 days, (67.17, 80.02 and 92.89%) after 90 days; 
(57.30, 76.70 and 87.39%) after 135 days respectively in nodule number as compared 
to control table (27). A maximum reduction on nodules dry weight of the plant after 
60 days was recorded as (86, 86.14 and 87.39%), after 90 days (79.55 79.98 and 
82.23%), after 135 days (71.98, 77.19 and 85.31%) as compared to control (Table 27). 
Chromium was found to be the least phytotoxic and significantly at (Y<_0.05 and 0.01) 
among all the single metal treatments increased the plant nodules at all the three 
concentration among the all dose. A minimum reduction in nodule number at three 
concentrations 0.5x (15.13mgikg soil) I.Ox (30.26mg/kg soil) and 2.Ox (60.52mg/kg 
soil) after 60 days was recorded as (46.67, 68.93 and 82.27%), after 90 days (22.85, 
62.88 and 77.15%), after 135 days (19.43, 50.48 and 70.87%) in nodule number as 
compared to control (Table 27). The number of nodules per plant minimum decrease 
with metals at both the stages of plant growth and was greatly influenced by the 
concentration of metals applied. A minimum reduction on nodules dry weight of the 
plant alter 60 days was recorded as (32.76, 55.28 and 56.02%), alter 90 days (23.93, 
45.83 and 46.12%); after 135 days as (23.43, 36.40 and 43.15%) as compared to 
control (Table 27). 
Reduction in nodules per plant of chickpea when trated with zinc, at three 
concentrations 0.5x (110.02mg/kg), l.Ox (220.04mg/kg soil) and 2.Ox (440.08mgkg 
soil) was recorded after 60 days as (44.47, 68.93 and 84.47%); after 90 days as 
(42.86, 65.71 and 77.15%) and after 135 days as (34,5730 and 70.87%) in nodule 
number as compared to control (Table 27). A minimum reduction on nodules dry 
weight of the plant was recorded as after 60 days (72.97, 78.95 and 89.43%) after 90 
days (52.50, 74.62 and 81.43%), after 135 days (41.16, 66.21 and 71.54%) as 
compared to control. 	 .. 
Reduction of nodules in nickel inoculated soil at three concentrations 0.5x 
(Sl.38mg/kg soil), l.Ox (162.76mg/kg soil) 2.Ox (325.52me,/kg soil) was recorded 
after 60 days as (64.47, 82.27 and 88.93%), after 90 days, (57.14, 72.87 and 85.73%) 
and after 135 days (45.64, 69.91 and 79.61%) in nodule number as compared to 
control table (27). A minimum reduction on nodules dry weight of the plant was 
recorded after 60 days as (78.79, 86.40 and 89.93'/x); after 90 days as (65.92, 75.49 
and 82.23°/x), after 1.35 days as (59.52, 65.60 and 77.68%) respectively as compared 
to control (Table 27). 
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Reduction in nodule number per plant of chickpea due to lead at three concentrations 
0.5x (52.85mglkg soil). 1.Ox (105.70mg,"kg soil), and 2.Ox (21 1.40mg/kg soil) was 
recorded after 60 days (33.33, 66.67 and 82.27%); after 90 days as (32.88, 61.41 and 
78.57%), after 135 days as (22.34, 55.34 and 74.77%) respectively as compared to 
control (Table 27). A minimum reduction in nodules dry weight of the plant was 
recorded after 60 days (54.46, 66.01 and 71.42%), after 90 days (46.41, 53.66 and 
60.77%). after 135 days (33.66, 40.98 and 50.10%) as compared to control (Table 27). 
In combination of metals Ni+Cd the reduction in nodule per plant of chickpea at three 
concentrations 0.Sx (88mg/kg soil) I.Ox (176mg/kg soil) 2.Ox (352mg/kg soil) was 
recorded as after 60 days (75.60, 84.46 and 97.80%). after 90 days (70, 78.57 and 
94.29%), after 135 days (69.91, 77.69 and 88.35%) respectively as compared to 
control (Table 27). A minimum reduction on nodules dry weight of the plant were 
recorded after 60 days (88.21, 89.60 and 96.64%). after 90 days (84.26, 90.06 and 
94.63%), after 135 days (70.98, 85.80 and 92.56%) respectively as compared to 
control (Table 27). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly at (P<_0.05 and 0.01) reduced the nodules number and dry 
nodule weight at all the three concentration among all the doses. In combination of 
metals Ni+Cr the reduction in nodule number per plant of chickpea at three 
concentrations 0.5x (96.51 mgikg soil) 1.Ox (193.02mg/kg soil) 2.Ox (386.04mg/kg 
soil) were recorded after 60 days (66.67, 82.27 and 95.60%), after 90 days (62.88, 
80.02 and 88.60%), after 135 days (63.12, 75.73 and 84.47%), respectively as 
compared to control (Table 27). A minimum reduction of nodules dry weight was 
recorded after 60 days (87.71, 88.53 and 93.28%), after 90 days (74.11, 76.50 and 
89.70%), after 135 days (66.15, 70.24 and 82.45%) respectively as compared to 
control (Table 27). Reduction is least toxic nodule number and dry nodule weight in 
comparison to other combination of metals. 
In combination of Cr+Cd the reduction in nodules number of chickpea at three 
concentrations 0.5x (21.75mg/kg soil) l.Ox (43.50mg/kg soil) 2.Ox (87.00mg/kg soil) 
at 60 days was recorded as (80, 95.33 and 97.80%); at 90 days as (74.28, 87.14 and 
90.0 1 %), at 135 days (68.95, 78.65 and 86.43%), respectively (Table 27). A minimum 
reduction on nodules dry weight of the plant at 60 days was recorded as (80.59, 85.26 
and 94.68%), at 90 days 75.34, 88.47 and 90.57%; at 135 days 71.48, 83.14 and 
88.72% as compared to control table (27). 
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Nodules number per plant was reduced even further when cadmium was used with 
combination of nickel and chromium. In combination of Ni+Cr+Cd the reduction itt 
nodule number of chickpea at three concentrations 0.5x (103.13mg/kg soil) I.Ox 
(206.26mg/kg soil), 2.Ox (412.52mglkg soil) after 60 days (87.26. 91.13 and 97.80%), 
after 90 days (75.74, 88.60 and 94.30%), after 135 days (74.78, 84.47 and 92.25%) 
respectively, as compared to control (Table 27). The plant nodule number and nodule 
dry weight was reduced even further when cadmium was used with combination of 
nickel and chromium. A minimum reduction on nodules dry weight of the plant at 60 
days was recorded as, (90.33, 92.71 and 94.10%), after 90 days (84.55. 88.98 and 
89.48%), after 135 days (76.01 85.93, and 89.40%) respectively as compared to 
control (Table 27). 
Among all the combination of metal treatments NHCr+Cd+Pb--Zn was found to be 
the most phytotoxic and significantly at (P<0.05 and 0.01) reduced the nodule number 
and dry nodule weight at all the three concentration among the all dose. When 
cadmium was applied along with nickel, chromium, lead and zinc declined the nodule 
number and dry nodule weight of the plant. In combination of Ni+Cr+Cd+pb+Zn the 
reduction in nodule number of chickpea at three concentrations O.Sx (266mgikg soil) 
1.0 (532mg/kg soil) 2.Ox (1064mg/k8 soil) at 60 days was recorded as (84.46, 95.60 
and 97.80%), at 90 days (80.03. 90.02 and 97.17%), at 135 days (78.65, 86.42 and 
93.20%) respectively as compared to control (Table 27). A minimum reduction on 
nodules dry weight of the plant after 60 days was recorded as (96.40, 97.38 and 
98.53%), after 90 days (95.43, 96.66 and 97.61%). after 135 days (94.67, 95.91 and 
97.40%) respectively as compared to control (Table 27). 
In comparison, the triple metal treatment showed greatest adverse effect on nodulatiun 
compared with either the control plants or dual metal treatments. The reduction in 
nodulation was accompanied by a significant decrease in dry mass of nodules. 
Generally the metal impact was more profound at double the normal concentration of 
the dual or triple metal combinations, compared with the lower rates tested in this 
study. 
Nitrogen content: 
The nitrogen content in root was significantly decreased in metal-treated plant of 
chickpea (Table 28). Percent nitrogen of root varied inversely with the amount of 
metals added, cadmium causing the greatest effect comparison to other single metals 
added. The percent nitrogen in root of chickpea was reduced at three concentrations 
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0.5x (6.62mg/kg soil) 1.Ox (13.24mg/kg soil) and 2.Ox (26.48mg/kg soil) at 60 days, 
(84.57. 91.80 and 94.16%), (76.22, 87.84 and 92%) at 90 days. (68.51, 81.45 and 
91.09%) at 135 days respectively as compared to control (Table 28). The percent 
nitrogen in shoot of chickpea was reduced at three concentrations 0.5x (6.62mg/kg 
soil) 1.Ox (13.24mg-kg soil) and 2.Ox (26.48mg;kg soil) was at 60 days, (79.96, 89.65 
and 93.99%), at 90 days (7 3.36, 82.45 and 90.76%), at 135 days (67.45, 80.38 and 
88.65%) respectively as compared to control (Table 28). 
Chromium was found to be the least phytotoxic and significantly at (P<0.05 and 0.01) 
among all the single metal treatments increased the percentage of nitrogen of root and 
shoot at all the three concentration among the all dose. A minimum reduction in root 
of chickpea at three concentrations 0.5x (15.13mg%kg soil), 1.Ox (30.26mg/kg soil) 
and 2.Ox (60.52mg/kg soil) after 60 days (38.94, 67.63 and 78.73%), after 90 days 
(26.80, 51.62 and 67.40%), and after 135 days (29.04, 49.46 and 64.88%) as 
compared to control (Table 28). Reduction in percent nitrogen of shoot varied 
inversely with the amount of metals added, chromium causing the least effect in 
comparison to other single metals added. Among all the single metal treatments 
chromium was found to be the least phytotoxic and reduced the percent nitrogen of 
shoot of the crop chickpea at 60 days was found to be (36.49, 60.40 and 73.17%), at 
90 days 29.28, 48.25 and 63.88%, at 135 days 32.29, 47.42 and 64.02% in shoot as 
compared to control (Table 28). 
Reduction in percent nitrogen of root of plant of chickpea at zinc, at three 
concentrations 0.5x (110.02mg/kg) at l.Ox (220.04mg/kg soil) and at 2.Ox 
(440.08mg/kg soil) after 60 days was found to be as (65.21, 85.42 and 89.03%), after 
90 days as (49.86, 75.18 and 82.79%), after 135 days as (41.66, 67.71 and 80.26%) 
respectively as compared to control (Table 28). Reduction in percent nitrogen of shoot 
after 60 days was recorded as (48.79, 73.66 and 86.67%), after 90 days (40.04, 64.27 
and 77.98%), and after 135 days (38.73, 60.25 and 71.9 1 %) respectively in shoot as 
compared to control show in table (28). 
Reduction percent of N of in the percent in the nickel inoculated plants in root of 
chickpea at 0.5x (8l . 38mg/kg soil), 1.0x (162.76mg/kg soil) 2.Ox (325.52mg/kg soil) 
after 60 days was found to be (72.22, 90.48 and 93.89%), at 90 days (60.55, 84.55 and 
92.66%) at 135 days (56.85, 76.67 and 86.49%) respectively as compared to control 
(Table 28). Reduction in percent nitrogen of shoot at 60 days was (67.22, 79.86 and 
87.91%). at 90 days (59.65, 71.79 and 85.65%). at 135 days (53.96, 69.09 and 
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82.73%) respectively compared to control (Table 28). Due to lead at three 
concentrations 0.5x (52.85mglkg soil), I.Ox (105.70mg/kg soil), and 2.Ox 
(211.40mp/kg soil) reduction in nitrogen percent of root of plant of chickpea was 
recorded as at 60 days (44.58, 72.55 and 82.14%), at 90 days (32.05, 58.90 and 
74.30%). at 135 days (33.06, 56.43 and 72.34%) respectively as compared to control 
(Table 28). Reduction in nitrogen percent of shoot after 60 days (40.70, 6171 and 
73.85%), after 90 days (34,74, 46.87 and 68.74%) and after 135 days 35.51, 50.74 
and 63.92% respectively in shoot as compared to control (Table 28). 
to combination of metals Ni+Cd the reduction in percent nitrogen of root of plant of 
chickpea at concentration 0.5x (88mg/kg soil), 1.Ox (176.00mg/kg soil) 2.Ox 
(352mgrkg soil) was recorded after b0 days was recorded as (65.20, 84.77 and 
89.62%), after 90 days (54.36, 76.49 and 87.56%). after 135 days (55.62, 70.27 and 
82.25%) respectively as compared to control show in table (28). Reduction in percent 
nitrogen of shoot after 60 days was recorded as (66.91, 80.42 and 91.63%), at 90 days 
59.26, 74.79 and 84.42%, at 135 days 55.41, 70.85 and 8220% respectively as 
compared to control (Table 28). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) percent of nitrogen in root and shoot 
all the three concentration among the all doses. In combination of metals Ni+Cr the 
reduction in percent of nitrogen plant root of chickpea at three concentrations O.Sx 
(96.51mg/kg soil) 1.Ox (193.02mg/kg soil) 2.Ox (386.04mg/kg soil) at 60 days was 
calculated as (72.62, 85.69 and 87.92%), at 90 days (54.90, 76.27 and 81.04%), at 135 
days (49.43, 68.17 and 79.65%) respectively as compared to control (Table 28). 
Reduction in percent nitrogen of shoot at 60 days was calculated as (67,84, 79.98 and 
88.47%), at 90 days (54.54, 4.74 and 84.32%), at 135 days (50.15, 67.67 and 81.31%) 
respectively as compared to control table (28). Reduction in percent nitrogen of root 
and shoot was least with this combination in comparison to other combination of 
metals. 
In combination of Cr+Cd the reduction in percent of nitrogen in root of chickpea at 
concentration O.Sx (38.75 m/kg soil) (21.75mglkg soil), 1.Ox (43.50mg/kg soil), 2.Ox 
(87.00mg/kg soil) at 60 days was recorded as days (71 .37, 85.36 and 89.23%), at 90 
days (54.46, 75.23 and 87.18%), at 135 days (5532. 71.54 and 83.86%) respectively 
as compared to control (Table 28). Reduction in percent nitrogen of shoot at 60 days 
132 
was recorded as (67.41, 86.49 and 87.91%). at 90 days (54.93, 78.67 and 83.83%), at 
135 days (55.94. 71.70 and 81.10%x%) respectively as compared to control (Table 28). 
The nitrogen content of root and shoot of chickpea was reduced even further when 
cadmium was used with combination of nickel and chromium. In combination of 
Ni+Cr+Cd the reduction in of chickpea at concentration 0.5x (103.13mg/kg soil) l .Ox 
(206.26mg/kg soil), 2.Ox (41 2.52mg/kg soil) was recorded at 60 days as (79.13, 87.79 
and 93.76%), at 90 days (65.37, 81.10 and 90.46%), at 135 days (64.80, 74.98 and 
86.88%) respectively as compared to control table (28). The percent of nitrogen of 
chickpea plant was reduced even further when cadmium was used with combination 
of nickel and chromium. Reduction in percent nitrogen of shoot at 60 days was 
recorded as (73.97, 86.86 and 93.30%), at 90 days (67.42, 80.49 and 88.99%), at 135 
days (63.14. 77.38 and 85.02°/0) respectively as compared to control (Table 28). 
Among all the combination of metal treatments Ni - Cr-rCd+Pb+Zn was found to be 
the most phytotoxic and significantly (P<0.05 and 0.01) reduced the percent of 
nitrogen of chickpea at all the three concentrations among the all dose. When 
cadmium was applied along with nickel, chromium, lead and zinc it declined the 
nitrogen content root and shoot of the plant. In combination of Ni+Cr+Cd+Pb+Zn the 
reduction of percent of nitrogen of root at concentration 0.5x (266mg/kg soil), I.Ox 
(532mg/kg soil), 2.Ox (1064mg/kg soil) at 60 days was recorded as (85.29, 91.07 and 
94.94%), at 90 days (76.16, 87.01 and 92.66%), at 135 days (68.13, 83.28, 91.58%) as 
compared to control (Table 28). 
Reduction in percent nitrogen of shoot at 60 days was found to be (73.97, 86.86 and 
93.30%), at 90 days (67.42, 80.49 and 88.99%). at 135 days (66.86, 76.86 and 
87.85%) respectively as compared to control (Table 28). 
Chlorophyll content: 
The effect of single heavy metal and heavy metal mixtures on chlorophyll content 
declined with increasing concentration of metals. A gradual and significant reduction 
in the total chlorophyll content occurred in the plants treated with cadmium at three 
different concentrations at 0.Sx (6.62mg/kg soil) 44.08°/0, at l.Ox (13.24mg/kg soil) 
48.39% and at 2.Ox (26.48mg/kg soil) 51.61% after 90 days as compared to control, 
(Table 29). Cadmium was comparatively more inhibitory than other single metal for 
chlorophyll. Among the single metal treatment cadmium showed a profound toxic 
effect on symbiosis and reduced the chlorophyll content in the leaves of chickpea 
plant. 
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Chromium was found to be the least phytotoxic and significantly (P<0.05 and 0.01) 
reduced the chlorophyll content among all the single metal treatments and decreased 
the chlorophyll at all the three concentrations among the all dose. In contrast the 
chlorophyll content increased significantly at concentration 0.5x, 1.Ox and 2.Ox 
concentrations of metal. The minimum reduction of chlorophyll at concentration 5.Ox 
(15.13mg;kg soil) was recorded as after 90 days 7.52%, at 1.Ox (30.26mg/kg soil) was 
9.67% and at 2.Ox (60.52mg'kg soil) was 11.83%, respectively over control. 
Leghaemoglobin content: 
Cadmium was comparatively more inhibitory than other single metal treatment. A 
gradual and significant reduction in the leghaemoglobin content occurred in the plants 
treated with cadmium three concentration of metal, at 0.5x (6.62mg/kg soil) 75.61%, 
at 1.Ox (13.24mg/kg soil) 85.36% and 2.Ox (26.48mg/kg soil) 92.68% after 90 days 
in comparison to control (Table 29). 
Chromium was found to be the least phytotoxic and significantly (P<0.05 and 0.01) 
reduced the leghaemoglobin content among all the single metal treatments and 
decreased the leghaemoglobin at all the three concentrations among the all dose. In 
contrast the leghaemoglobin content increased significantly at 0.5x, l.Ox and 2.Ox 
concentrations of metal. The minimum reduction of leghaemoglobin at concentration 
5.Ox (15.13mg%kg soil) was recorded as after 90 days 36.58%, at 1.Ox (30.26mg/kg 
soil) was 51.22% and at 2.Ox (60.52mg/kg soil) was 68.29%, respectively over control 
(Table 29). 
Reduction in leghemoglobin of plant of chickpea at zinc, at concentration 0.5x 
(1 10.02mg.'kg) was 41.46%. at 1.Ox (220.04mg//kg soil), was 63.41 %, and at 2.Ox 
(440.08mg/kg soil) it was 75.61 % in comparison to control (Table 29). 
Reduction of leghaernoglobin in nickel inoculated of plant of chickpea at 
concentration 0.5x (81.38mg/kg soil), was 60.97%, at 1.Ox (162.76mg/kg soil) was 
75.61% and at 2.Ox (325.52mg/kg soil) was 85.36% in comparison to control (Table 
29). 
Due to lead at three concentrations 0.5x. I.Ox and 2.Ox leghaemoglobin reduced at 
increasing concentration. At 0.5x (52.85ing/kg soil) it was, 19.51%, at l.Ox 
(105.70mg/kg soil), it was 39.02% and at 2.Ox (21 1.40mgikg soil) it was 63.4 1 % in 
comparison to control (Table 29). 
Among the combination of metals treatments Ni+Cd the reduction of leghaemoglobin 
in chickpea plant at concentration 0.5x (88mg'kg soil) was 78.05% at, 1.Ox 
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(176.00mg/kg soil) was 85.37% and at ?.Ox (352mg/kg soil) was 90.24% in 
comparison to control (Table 29). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) decreased nodules and the 
leghaemoglobin of chickpea plant at all the three concentrations among the all doses. 
In combination of metals Ni+Cr the reduction in leghaemoglobin of chickpea at 
concentration 0.5x (96.51mg/kg soil) was recorded as 73.17%, at 1.Ox (193.02mg/kg 
soil) as 80.49% and at 2.Ox (386.04mg%kg soil) as 87.80% in comparison to control 
(Table 29). 
In combination of Cr--Cd the reduction in leghaemoglobin of chickpea at 
concentration 0.Sx (21.75mgikg soil) was 80.49%, at l.Ox (43.50mg'kg soil) was 
85.36°'o and at 2.Ox (87.00mg/kg soil) it was 90.24% in comparison to control table 
(29). 
The leghaemoglobin content of chickpea was reduced even further when cadmium 
was used with combination of nickel and chromium. In combination of Ni+Cr+Cd the 
reduction in of chickpea at concentration 0.5x (103.13mg-kg soil) was 85.36%, at 
I.Ox (206.26mg,kg soil) was 90.25°0 and at 2.Ox (412.52m&kg soil) was 95.12% in 
comparison to control (Table 29). 
Among all the combination of metal treatments Ni+Cr+Cd+Pb+Zn was found to be 
the most phytotoxic and significantly (P<0.05 and 0.01) reduced the leghaemoglobin 
of chickpea at all the three concentrations among the all dose. In combination of 
Ni+Cr+Cd+Ph+Zn the reduction leghaemoglobin was recorded at concentration 0.5x 
(266mg/kg soil) as 87.80%, at I.Ox (532mg/kg soil) as 92.69°/o and at 2.Ox 
(1064mg/kg soil) as 97.56% in comparison to control (Table 29). 
Seed yield: 
Due to the effect of heavy metal treatments the seed yield varied considerably (Table 
29). Seed yield decreased consistently for each metal, used either singly or in 
combination but was only significantly. (P<0.05) reduced at double the normal 
concentration of all metals. Among the single metal treatment cadmium was 
comparatively more inhibitory than other single metal treatment. A gradual and 
significant reduction in the seed yield of content the plants treated with cadmium 
three concentration of metal at 0.5x (6.62mg,kg soil) was recorded as 84.92%, at l.Ox 
(13.24mg/kg soil) as 87.70%, and at 2.Ox (26.48mg/kg soil)was found to be, 89.76% 
respectively in comparison to control table table (29) (Plate 7A). 
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Chromium was found to be the least phytotoxic and significantly at (P<0.05 and 0.01) 
among all the single metal treatments increased the seed yield at all the three 
concentration among the all dose. In contrast the seed yield increased significantly at 
0.5x, l.Ox and 2.Ox concentrations of metal. The minimum reduction at 0.5x 
(15.13mgkg soil) 43.43%. at 1.Ox (30.26mg,'kg soil) 50.07% and at 2.Ox (60.52mg/kg 
soil) 61.41 %, respectively over control show in table table (29) (Plate 7E). 
Reduction in seed yield of plant of chickpea at zinc, at three concentrations at 0.Sx 
(1 10.02mg/kg). was found to be 65.97%. at l.Ox (220.04mgkg soil), was 75.79%, 
and at 2.Ox (440.08mg/kg soil) was 76.49°0 in comparison to control table (29) (Plate 
7C). 
Reduction in seed yield of plant of chickpea with nickel at three concentrations at 
0.5x (81.38mlgkg soil) was 71.10, %, at I.Ox (162.76mg/kg soil) was 75.10% and at 
2.Ox (325.52 mg/kg soil) was 81.47% in comparison to control table (29) (Plate 7B). 
Due to lead at three concentrations 0.5x, l.Ox and 2.Ox seed yield reduced at 
increasing concentration. At 0.5x (52.85mg/kg soil), 57.12%, at l .Ox (105.70mg/kg 
soil). it was 68.19% and at 2.Ox (211.40mg/kg soil) was 73.44% reduction in seed 
yield of plant of chickpea in comparison to control table (29) (Plate 7D). 
Among the composite metal treatments Ni+Cd the reduction of seed yield in 
chickpea plant at concentration 0.Sx (88mg/kg soil) was 84.37% at, I.Ox 
(176.00mg,kg soil) 88.52% and at 2.Ox (352mg/kg soil) 90.32% in comparison to 
control table (29). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly at (P<0.05 and 0.01) decreased seed yield of chickpea 
plant at all the three concentrations. In combination of metals Ni+Cr the reduction in 
seed yield of plant of chickpea at three concentrations at 0.5x (96.51 mg/kg soil) 
69.99%. at l .Ox (193.02mgikg soil) 75.93% and at 2.Ox (386.04mg/kg soil) 78.70% in 
comparison to control table (29). 
In combination of Cr+Cd the reduction in seed yield of chickpea at concentration 0.5x 
(21.75mgkg soil) was recorded as 79.94%, at 1.Ox (43.50mg"kg soil) as 83.41 % and 
at 2.Ox (87.00mg/kg soil) as 93.36% in comparison to control table (29). 
The seed yield of chickpea was reduced even further when cadmium was used with 
combination of nickel and chromium. In combination of Ni+Cr+Cd the reduction in 
seed yield of chickpea at concentration 0.5x (103.13mg/kg soil) was 86.72%, at 1.Ox 
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(20626mglkg soil) was 91.15% and at 2.Ox (412.52mg/kg soil) it was 93.08% in 
comparison to control table (29). 
Among all the combination of metal treatments Ni+Cr+Cd+Pb+Zn was found to be 
the most phytotoxic and sigetticantly (PN0.05 and 0 01) reduced the seed yield of 
chickpea at all the three concentrations among the all dose. When cadmium was 
applied along with nickel, chromium, lead and zinc it declined the seed yield of the 
plant. In combination of Ni+Cr+Cd+Pb+Zn the reduction seed yield of chickpea at 
concentration 0.5x (266mg/kg soil) was recorded as 86.72%. at LOx (532mg/kg soil) 
as 91.15% and at 2.Ox (1064mg/kg soil) as 95.43 % as compared to control table (29). 
Protein content: 
Data in (Table 30) indicates that heavy metal treatment under different concentrations 
resulted in decreased protein content in grains with Cr recording the highest protein 
content in grains. Significantly reduction of protein was found on Cd treated which 
was significantly lower in metal treated grains compared with the control. 
The effect of three doses of single, double triple metal treatments on protein was 
variable (Table 30). Among all the single metal treatments cadmium was found to be 
the most phytotoxic and significantly at (P<0.05 and 0.01) reduced the protein in plant 
at all the three concentrations among the all dose. A maximum reduction at 0 
concentration 5x (6.62mg/kg soil) was recorded as 55.87%, at LOx (13.24mg/kg soil) 
it was 63.28% and at 2.Ox (26.48mg/kg soil) was 75.01% in comparison to control 
table (30). Among all the single metal treatments chromium was found to he the least 
phytotoxic and significantly (P<0.05 and 0.01) increased the protein at all the three 
concentrations among the all dose. In contrast the protein increased significantly at 
0.5x, LOx and 2Ax concentrations of metal. The minimum reduction at concentration 
0.5x ((15.13mg/kg soil) was recorded as 1.18%, at I.Ox (30.26mg/kg soil) it was 
7.62% and at 2.Ox (60.52mg'kg soil) it was 15.12% over control table (30). 
Reduction in protein of plant of chickpea at zinc, at three concentrations at 0.5x 
(110.02mg/kg) was 12.99%, at I.Ox (220.04mg/kg soil), it was 23.69%, and at 2.Ox 
(440.08mg/kg soil) was 42.52% in comparison to control table (30). 
Reduction in protein of plants with nickel of at three concentrations at 0.5x 
(81.38mg/kg soil) was recorded as 19.86%, at I.Ox (162.76mg/kg soil) as 28.82% and 
at 2.Ox (325.52mg/kg soil) as 42.75% in comparison to control table (30). 
Due to lead at three concentrations 0.5x, L_Ox and 2.Ox protein reduced at increasing 
concentration. At concentration 0.5x (52.85mg/kg soil), it was 8.17%, at I.Ox 
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(105.70mg/kg soil), it was 26.84% and at 2.Ox (211.40wg/kg soil) it was recorded as 
35.02% reduction in protein of plant of chickpea in comparison to control table (30). 
Among the composite metal treatments Ni+Cd the reduction of protein in chickpea 
plant at concentration 0.5x (88m1/kg soil) was 60.32% at, LOx (]76.00mg/Ig soil) 
was 65.81% and at 2.Dx (352mg/kg soil) was 71.06% in comparison to control table 
(30). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) protein of chickpea plant at all the 
three concentration among the all doses. In combination of metals Ni+Cr the 
reduction in protein of plant of chickpea at three concentrations at 0.5x (96.51mg/kg 
soil) was 35.65%, at ].Ox (193.02mg/kg soil) was 50,54% and at 2.Ox (386.04mpkg 
soil) it was 54.76% in comparison to control table (30). 
In combination of Cr+Cd the reduction in protein of chickpea at concentration 0.5x 
(21.75mg/kg soil) 4647%, at I.Ox (43.50mg/kg soil) it was recorded as 59.50% and at 
2.Ox (87.00mg/kg soil) it was 74.34% in comparison to control table (30). 
The protein of chickpea was reduced even further when cadmium was used with 
combination of nickel and chromium. In combination of Ni+Cr+Cd the reduction in 
protein of chickpea at concentration 0.5x (103.13mg/kg soil) was recorded as 54.76%, 
at l.Ox (206.26mg/kg soil) was 66.83% and at 2.Ox (412.52mg/kg soil) it was 77,78% 
in comparison to control table (30). 
Among all the combination of metal treatments Ni+Cr+Cd-PbtZn was found to be 
the most phytotoxic and significantly (P<0.05 and 0.01) reduced the protein of 
chickpea at all the three concentrations among the all dose. When cadmium was 
applied along with nickel, chromium, lead and zinc it declined the protein of the plant. 
In combination of Ni+Crf Cd+Pb+Zn the reduction protein of chickpea at 
concentration O.5x (266mgkg soil) was recorded as 63.29%, at 1.Ox (532mg/kg soil) 
was 74.23% and at 2.Ox (I 064mg/kg soil) was 79.07% in comparison to control table 
(30). 
Seed Germination: 
The control showed 83.33% germination in chickpea (Cicer arietinum L.). Seed 
germination decreased with an increase in concentration of the metals (Table 3 t ). The 
maximum decrease in germination was observed at the highest concentration of all the 
metals. In case of zinc, nickel, lead, chromium and cadmium treatments, the 
maximum inhibitory effect on germination (33.33, 33.33, 50, 33.33 and 00.00 %) was 
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observed at 100ppm in chickpea. The minimum inhibition of Zn. Ni, Pb, Cr and Cd 
treatments (83.33, 66.66. 83.33, 83.33 and 50%) was recorded at 20ppm show in table 
(31). In general, germination was affected when the concentrations of all the 
treatments increases in the chickpea (Plate 8 A. B. C', I) and E). 
Grade growth inhibition: 
Persual of the data show in table (32) clearly indicates that though chromium appears 
to be the least toxic metal, it also led to substantial loses 44.51% in yield of chickpea 
at I x concentration. Result in table (32), show that the dry weight of chickpea were 
reduced by 83.13% by Cd, 59.51%, by Pb. 70.17%, by Ni, 69.35% by Zn, 47.26% by 
Cr at 0.5x concentration in roots. By comparison, roots of chickpea treated with Cd at 
2 x concentration showed a larger grade of (GGI). In shoots loses 41.01% in yield of 
chickpea at I x concentration of chromium. Result in table (32), show that the dry 
weight of chickpea were reduced by 66.22% by Cd, 46.87% by Pb, 59.90% by Ni, 
51.37% by Zn, 43.18% by Cr at 0.5x concentration in shoots. By comparison, shoots 
of chickpea treated with Cd at 2 x concentration showed a larger grade of (GGI). Zn 
appears to be less toxic and Ni inspite of the higher amount of Zn which was used in 
the study amount of heavy metals added to the soil various dose levels. In particular 
the development of roots and shoots in the presence of test heavy metals was 
significantly inhibited in the crop. 
Phytoaccumulation of heavy metals: 
The roots shoots and grains of chickpea were tested for observing the effect of each 
metal, and it was found that the uptake of metals was differed considerably at 60, 90 
and 135 days for root and shoots and 135 days for grains. The accumulation of metal 
was influenced greatly by their concentration. A higher amount of metal was found in 
plant parts (e.g. roots and shoots and grains) when the these metals applied to non-
sterilized sandy clay loam soil individually compared with the levels obtained for 
double or triple metal treatment. Metal uptake by the roots, shoots and grains was 
found to be directly related to heavy metal applied. Among the single metal 
treatments the concentrations of Cd, Cr, Pb, Ni, and Zn was higher in roots of 
chickpea plants raised in soil treated with, 26.48 mg/kg, 60.52 mg/kg, 211.40 mg/kg, 
325.52mg/kg 440.08 mg/kg of Cd, Cr. Pb Ni and Zn respectively, compared to shoots 
and gains influent measured at 60, 90 and 135 days, respectively. 
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Bioremcdiation studies: 
Growth of chickpea influenced by chromium reducing .1fesorhizohiuni RC3 in 
chromium related soils: 
Chickpea plant growth and nodulation: 
In this experiment chromium-reducing and plant growth promoting Mesorhizobium 
strain RC3 was used to assess its bioremediation potential in pot house conditions 
using chickpea as a test legume crop. The chickpea plants grew poorly when the soil 
was amended with Cr (Plate 3 (IA). Generally, the growth and nodulation decreased 
progressively with increasing concentration of Cr(VI). Among the three concentration 
of Cr (VI). Cr (VI) at 60.52mg/kg soil had the largest toxic effects and significantly 
(P<0.05 and 0.01) decreased root length 66.49%. shoot length 47.15%, nodule 
numbers 77.15% and nodule dry weight 45.83°%o, at 90 days, root length 55.91%, 
shoot length 45.82%. at 135 days as compared to the control. In comparison when, 
Afesorhi. obium strain RC3 was also added, it increased the root length, 10.87%. shoot 
length 12.38%, nodule numbers 6.64%, nodule dry weight 13.77% at 90 days 
respectively (Table 33), root length 7.18%, shoot length 9.22% respectively at 135 
days as compared to control. The inoculant strain protected the plants from Cr toxicity 
possibly through the soluble chromate reductase or by providing plants with the 
sufficient amounts of growth-promoting substances. The inoculant strain reduced the 
Cr uptake by plant organs. In conclusion, the strain RC3 showed a potential for Cr 
(VI) reduction, produced plant growth-promoting substances under Cr stress and 
enhanced the growth and yield of chickpea. both in Cr stress and Cr free conditions. 
Due to the multifarious activity, the strain RC3 could therefore, be utilized for growth 
promotion as well as for the bioremediation of Cr polluted soil (Plate 3 (IB). 
Chlorophyll and leghaemoglobin content: 
Chlorophyll and Ievghaemoglobin content measured decreased consistently with 
increasing concentrations of chromium (Table 33) without the inoculation of strain 
RC3. Chromium at 60.52mgikg was the most toxic and decreased the chlorophyll and 
leghaemoglohin by 11.83, 67.30°x% as compared to control. In comparison, the 
bioinoculant showed a maximum increase in the chlorophyll and leghaemoglobin 
content of 6.83% and 9.47°/b, respectively, at 60.52mgCrikg soil compared to control 
show in table (33). 
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Seed yield and grain protein: 
Seed yield and grain protein, decreased consistently with increasing concentrations of 
chromium (Table 33) without the inoculation of strain RC3. Chromium at 60.52mg/kg 
was the most toxic and decreased the seed yield and grain protein by 61.42, 15.12% as 
compared to control. In comparison, the bioinoculant showed a maximum increase in 
the seed yield and protein content of 27.45% and 16.83%, respectively, at 60.52 
mgCr'kg soil compared to control show in table (33). 
Chromium tolerant Bacillus BCS affecting chickpea in chromium treated soils: 
Chickpea plant growth and nodulation: 
In this experiment chromium-reducing and plant growth promoting Bacillus strain 
BC5 was used to assess its bioremediation potential in pot house conditions using 
chickpea as a test legume crop. The chickpea plants grew poorly when the soil was 
amended with Cr. Generally, the growth and nodulation decreased progressively with 
increasing concentration of Cr (V 1). Among the three concentration of Cr (VI), at 
60.52 mg/kg soil had the largest toxic effects and significantly (P<0.05 and 0.01) 
decreased root length 66.49°/6, shoot length 47.15%, nodule numbers 77.15% and 
nodule dry weight 45.83, at 90 days. root length 55.9 1 %, shoot length 45.82%, at 135 
day as compared to the control. In comparison when. Bacillus strain BC5 was also 
added, it increased the root length, 10.84%, shoot length 7.57%, nodule numbers 
19.50%, nodule dry weight 15.62% at 90 days respectively (Table 34), root length 
16.41%, shoot length 7.81% respectively at 135 days as compared to control. The 
inoculant strain protected the plants from Cr toxicity possibly through the soluble 
chromate reductase or by providing plants with the sufficient amounts of growth-
promoting substances. The inoculant strain reduced the Cr uptake by plant organs. In 
conclusion, the strain BC5 showed a potential for Cr (VI) reduction, produced plant 
growth-promoting substances under Cr stress and enhanced the growth and yield of 
chickpea, both in Cr stress and Cr free conditions. Due to the multifarious activity, the 
strain BC5 could therefore, he utilized for growth promotion as well as for the 
bioremediation of Cr polluted soil. 
Chlorophyll and leghaemoglobin content: 
Chlorophyll and leghaemoglobin content measured decreased consistently with 
increasing concentrations of chromium (Table 34) without the inoculation of strain 
BC'S. Chromium at 60.52mg/kg was the most toxic and decreased the chlorophyll and 
leghaemoglobin by 11.82, 67.30% as compared to control. In comparison, the 
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bioinoculant showed a maximum increase in the chlorophyll and leghaemoglobin 
content of 7.07% and 6.06%. respectively, at 60.52mgCr/kg soil compared to control 
show in table (34). 
Seed yield and grain protein: 
Seed yield and grain protein, decreased consistently with increasing concentrations of 
chromium (Table 34) without the inoculation of strain BC5. Chromium at 60.52mg/kg 
was the most toxic and decreased the seed yield and grain protein by 61.41, 15.12% as 
compared to control. In comparison, the bioinoculant showed a maximum increase in 
the seed yield and protein content of 28.43% and 11.18%, respectively, at 60.52 mg 
Cr/kg soil compared to control show in table (34). 
Pigeonpea: 
Toxicity of heavy metals for legumes; 
Plant growth: 
The effect of heavy metal on pigeonpea crop grown in unsterilized pot soil was 
variable and metal concentration dependent (Plate 4). Amon., all the single metal 
treatments cadmium was found to be the most phytotoxic and significantly at (P<0.05 
and 0.01) reduced the plant growth at all the three concentration among all the doses. 
Maximum reduction at 0.5x (6.62mg/kg soil), 1.Ox (13.24mg/kg soil) and 2.Ox 
(26.48mgikg soil) was found io he (57.35, 70.72 and 76.3 %) after 60 days, (48 96, 
63.9land 73.40%) after 80 days and 45.9S, 56.39 and 69.58% reduction at 110 days, 
in root length as compared to control (Table 35). Reduction in shoot length was 
recorded as (68.41, 75.29 and 84.16%) after 60 days, (59.63, 70.36 and 81.49%) after 
80 days and 58.32, 67.88 and 79.53% at 110 days as compared to control show in 
table (35) (Plate 4A). Reduction in dry matter of pigeonpea plant in root was found to 
be after 60 days (68.17, 78.68 and 78.96%), after 80 days (68.13, 77.11 and 79.95%), 
after 110 days (58.96, 68.36 and 74.11%) as compared to control (Table 36). The 
shoot dry matter was reduced to (83.02, 90.99 and 94.34%) after 60 days, (75.18, 
79.63 and 82.68 %), after 80 days;. (70.00, 78.24 and 83.06%) after 110 days (Table 
36). 
Chromium was found to be least phytotoxic and significantly (P<0.05 and 0.01) 
among all the single metal treatments and increased the plant growth at all the three 
concentration as compared to other treatments. A minimum reduction in root length at 
concentration 0.5x (15.13mg/kg soil), 1.Ox (3026mg/kg soil) and at concentration 
2.Ox (60.52mg/kg soil) was found to be (15.82, 37.06 and 52.30%) after 60 days, 
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(18.41, 31.87 and 44.44%) after 110 days 
respectively as compared to control (Table 35). Reduction in shoot length was 
recorded as (4.02, 10.04 and 29.20%) after 60 days, (2.71. 11.29 and 28.26%) after 80 
days and (10.99. 21.33 and 34.00%) after 110 days as compared to control (Table 35) 
(Plate 5 (11A). Reduction in dry matter of pigeonpea plant in root was recorded as 
after 60 days as (9.53, 29.86 and 48.72%), after 80 days as (32.67, 43.20 and 
53.30%), after 110 days as (34.04. 40.20 and 46.70%) as compared to control (Table 
36). The shoot dry matter reduction at 60 days was (43.08, 49.45 and 60.27%), after 
80 days it was (29.73, 40.47 and 52.30%). after 110 days it was (33.87, 40.12 and 
53.82%) as compared to control (Table 36). 
The reduction in root length of pigeonpea with treatment of zinc, at 0.5x 
concentration (1 10.02mg%kg) at 1.Ox concentration (220.04mg/kg soil) and at 2.Ox 
concentration (440.08mg/kg soil) after 60 days was recorded as (42.98, 57.68 and 
74.53%), after 80 days (43.78, 56.48 and 71.97%), after 110 days (29.69, 50.90 and 
58.76%) respectively as compared to control (Table 35). Reduction in shoot length of 
pigeonpea after 60 days was (19.97, 33.74, and 33.76%), after 80 days, (14.50, 18 and 
33.38%), after 110 days (17.53, 27.36 and 39.13%) respectively as compared to 
control plant (Table 35) (Plate 4C). Reduction in dry matter of pigeonpea plant in root 
after 60 days was (58.35, 69.63 and 77.60%), after 80 days (40.99, 53.47 and 
71.58%), after 110 days (40.20, 46.11 and 55.63%) as compared to control (Table 36). 
The shoot dry matter was reduced to (71.81. 76.65 and 82.14%), after 60 days, (41.44, 
52.42 and 64.75%). after 80 days, (42.14, 51.97 and 61.19%) after 110 days (Table 
36). 
Reduction of root length of pigeonpea after nickel treatment at concentration 0.5x 
(81.38mgrkg soil), at 1.Ox (162.76mg/kg soil) and at 2.Ox concentration 
(325.52mg/kg soil) after 60 days was found to be (46.05, 56.07 and 65.18°%) after 80 
days (32.44, 52.80 and 62.72%), after 110 days (32.6 5, 55.32 and 58.95%) as 
compared to control (Table 35). Reduction in shoot length of pigeonpea after 60 days 
(18.37, 48.95 and 64.94%), after 80 days (19.70, 41.87 and 51.26%) and after 110 
days (26.40, 39.20 and Sl.34%) respectively as compared to control (Table 35) (Plate 
4B). Reduction in dry matter of pigeonpea plant in root at 60 days (66.31, 71.02 and 
83.30%), after 80 days (57.24, 62.59 and 72.82%). after 110 days (48.26, 58.90 and 
65.12%) as compared to control (Table 36). Reduction in shoot dry weight of 
pigeonpea after 60 days was (87.64, 89.01 and 90.55%), after 80 days (68.14, 72.32 
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and 75.11%), and after 110 days (6J...~, ...._ 
to control (Table 36). 
Reduction in root length of pigeonpea alter treatment of lead (Ph) at 0.5x 
concentration (52.85mglkg soil), 1 O concentration (105.70mg/kg soil), and 2.0K 
concentration (211.40mgikg soil) after 60 days was found to be (32.55, 45.18 and 
57.27%), after 80 days (29.78, 43.52 and 52.84%) reduction, at 110 days 27.13, 43.23 
and 50.66% as compared to control. Reduction in shoot length of pigeonpea as after 
60 days was found to be (6.48, 18.06 and 31.96%), after 80 days (5.57, 13.90 and 
27.77%), and after 110 days (11.59, 27.45 and 36.76%) as compared to control (Table 
35) (Plate 4D). Reduction in dry matter of pigeonpea plant in root after 60 days was 
found to be (37.62, 47.05 and 68.66%), after 80 days (37.18, 50.82 and 56.75%), after 
110 days (36.12, 43.09 and 51.93%) as compared to control (Table 36). Reduction in 
dry matter of pigeonpea plant in shoot after 60 days was to be (60.82, 65.82 and 
70.11%), after 80 days (33.46, 40.16 and 45.30%), after 110 days (34.80, 40 and 
52.16%) as compared to control (Table 36). 
In combination of metals Ni+Cd the reduction in root length of pigeonpea at 0.5x 
concentration (88.00mg/kg soil) 1.0a concentration (176.O0mg/kg soil) 2.Ox 
concentration (352mg/kg soil) after 60 days was found to be (52.88, 62.86 and 
64.06%), after 80 days (49.85, 61.43 and 62.29°'x), and after 110 days (46.97, 56.80 
and 60.83%) as compared to control (Table 35). Reduction in shoot length of 
pigeonpea was recorded after 60 days (59.51, 76.08 and 84.11%), after 80 days, 
(51,84, 69.12 and 78.64%). and after 110 days (51.61, 66.65 and 76.99%) as 
compared to control (Table 35). Reduction in dry matter of pigeonpea plant in root 
was recorded after 60 days (70.04, 78.68 and 84.18%), after 80 days (72.95, 80.88 and 
86.19%), after 110 days (55.20, 61.57 and 67.55%) as compared to control (Table 36). 
Reduction in dry matter of pigeonpea plant in shoot after 60 days (66.54, 77.14 and 
83.30%), after 80 days {64.01, 71.09 and 79.32%), after 110 days (66.15, 71.47 and 
77.62%) as compared to control (Table 36). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) reduced the plant growth and dry 
matter at all the three concentration among the all dose. In combination of metals, 
Ni+Cr the reduction in mot length of pigeonpea at 0.5x concentration (96.5 1mg/kg 
soil) 1.Ox concentration (193.02mg/kg soil) and 2.0x concentration (386.04mg/kg 
soil) after 60 days was found be (44.68, 53.71 and 64.27%), after 80 days (38.97, 
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48.03 and 53.50%). after 110 days (45.65, 50.26 and 52.89%) respectively. The shoot 
length reduction after 60 days was recorded as (57.57, 72.40 and 81.38%), after 80 
days (52.08, 66.26 and 77.33%), and after 110 days (52.24, 62.89 and 74.10%) 
respectively as compared to control (Table 35). Reduction in dry matter of pigeonpea 
plant in root after 60 days was recorded as (51.96, 54.62 and 66.31 %) after 80 days 
(49.80, 58.26 and 63.97%), after 110 days (43.12, 49.47 and 55.91%) as comparison 
to control (Table 36). Reduction in dry matter of pigeonpea plant in shoot after 60 
days was recorded as (42.36, 53.74 and 64.84%), after 80 days (45.03, 56.24 and 
67.18%) and after 110 days (56.65, 63.11 and 70.97%) as compared to control (Table 
36). 
The combination of Cr+Cd, reduction in root length of pigeonpea at 0.5x 
concentration (21.75mgikg soil) I.Ox concentration (43.50mg/kg soil) 2.Ox 
concentration (87.00mg/kg soil) after 60 days was found to be (59.92, 61.20 and 
74.45%). after 80 days (51.97, 56.19 and 65.34%), after 110 days (47.43, 49.66 and 
60.08°'0) respectively in comparison to control (Table 35). 
Reduction in shoot length after 60 days was recorded as (66.38. 74.68 and 81.18%), 
after 80 days (56.84, 66.02 and 77.18%), after 110 days (53.60, 63.59 and 72.06%) 
respectively as compared to control (Table 35). Reduced dry matter of pigeonpea 
plant in root after 60 days was (70.02, 71.32 and 80.16%), after 80 days (62.24, 68.70 
and 81.10%). after 110 days (52.43, 58.56 and 64.84%) respectively as compared to 
control (Table 36). Reduction in dry matter of pigeonpea plant in shoot after 60 days 
(53.57, 71.32 and 77.53%), after 80 days (48.71, 59.95 and 75.11%), after 110 days 
(61.74, 68.55 and 72.61 %) respectively as compare to control (Table 36). 
The plant growth was reduced even further when cadmium was used with 
combination of nickel and chromium. The combination of Ni-4-Cr+Cd the reduction in 
root length of pigeonpea at 0.5x concentration (103.13mg/kg soil) 1.Ox concentration 
(206.26mg/kg soil), 2.Ox concentration (412.52mg/kg soil) after 60 days was found as 
(65.51, 78.96, 83.56%), after 80 days (60.10, 76.22 and 78.44%), after 110 days 
(62.18, 70.47 and 74.75%) respectively as compared to control (Table 35). In shoot 
length reduction after 60 days (77.30, 84.97 and 88.78%), after 80 days (70.76, 80.08 
and 87.97%) after 110 days (67.13, 74.71 and 85.46%) as compare to control (Table 
35). The plant dry matter was reduced even further when cadmium was used with 
combination of nickel and chromium. Reduction in dry matter of pigeonpea plant in 
root after 60 days (81.14, 89.78 and 91.06%) after 80 days (77.34, 81.67 and 85.70%), 
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after 110 days (68.42. 71.16 and 74.21 %) respectively as compared to control (Table 
36). Reduction in dry matter of pigeonpea plant in shoot after 60 days (63.35. 69.01 
and 81.10%), after 80 days (52.42. 68.15 and 74.33°/o). after 110 days (63.94. 70.69 
and 75.99%) respectively in comparison to control (Table 36). 
Among all the combination of metal treatments Ni+Cr+Cd+Pb+Zn was found to be 
the most phytotoxic and significantly at (P<0.05 and 0.01) reduced the plant growth 
and dry matter at all the three concentration among the all dose. When cadmium was 
applied along with nickel, chromium, lead and zinc reduced the root length and shoot 
length of the plant. In combination of Ni+Cr+Cd-*-Pb Zn the reduction in root of 
pigeonpea at 0.5x concentration (266mg'`kg soil) I.Ox concentration (532mg/kg soil) 
2.Ox concentration (1064mg,/'kg soil) after 60 days (67.25, 80.54 and 83.69°!0), after 80 
days (62.85, 71.11 and 80.66%). after 110 days (63.47, 75.69 and 78.25%) 
respectively as compared to control. In shoot length reduction after 60 days (79.35, 
85.71. and 88.72%). after 80 days (72.34, 82.97 and 87.50%) after 110 days (69.31, 
77.61 and 85.47%) as compare to control (Table 35). When cadmium was applied 
along with nickel, chromium, lead and zinc reduced the root and shoot dry matter of 
the plant. Reduction in dry matter of pigeonpea plant in root after 60 days was (81.83, 
90.97 and 91.75%) compare to control, after 80 (lays (81.46, 85.84 and 90.13%) after 
110 days (71.41, 73.62 and 79.47%) as compare to control (Table 36). Reduction in 
dry matter of pigeonpea plant in shoot after 60 (lays (84.18, 88.80 and 92.64%), after 
80 days (83.89. 87.09 and 90.46°/o), after 110 days (85.02, 87.80 and 90.34%) as 
compared to control (Table 36). 
In general the plant growth increased with plant age but decreased with increasing 
concentration of each metal, used either singly or in combination treatments. 
Generally, the combination of two or three metals showed enhanced phytotoxic effect 
in relation to the single metal application treatments. 
Symbiotic traits: 
In the leguminous plant. the dry weight of nodules varied inversely with the 
concentration of metals used, Cd causing the greater effect compared to other metals 
used in the study. Observation of the legume roots after they were washed free of soil 
showed that the nodules were small, and evenly spread throughout the entire root 
system following treatment with Cd in the case of pigeonpea. Nodulation was 
invariably observed in both the leguminous crops at all the three concentrations of test 
with heavy metals. The effect of heavy metal on the nodulation of plant differed at 
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different metal treatment at 60. 80 and 1 10 days. Large size nodules were found on 
the main roots while the small size nodules were scattered all through the adventitious 
roots (Plate 6B). 
However, the number of nodules was usually lower in Cd treatment, suggesting more 
toxic effect of Cd to nodule formation compared to other metals (Table 37). Metal-
treated leguminous plants showed a significant reduction in nodule numbers over 
control plants. Among the single metal treatment cadmium showed profound toxic 
effect on symbiosis and reduced the number of nodules per plant. The number of 
nodules per plant decreased considerably with metals at both the stages of plant 
growth and was greatly influenced by the concentration of metals applied. A 
maximum reduction on nodules number of the plant at three concentrations 0.5x 
(6.62mg/kg soil) I.Ox (13.24mg/kg soil) and 2.Ox (26.48mg/kg soil) was (68.08, 85.13 
and 95.78%) after 60 days. (66.69, 77.28 and 89.41%) after 80 days, (57, 72.07 and 
84.97%) after 110 days in nodule number as compared to control (Table 37). A 
maximum reduction on nodules dry weight of the plant at 60 days 69.01, 84.11 and 
90.55%. at 80 days 62.75 77.27 and 85.65%: at 110 days 62.29, 74.27 and 83% as 
compared to control (Table 37). 
Chromium was found to be the least phytotoxic and significantly after (P<0.05 and 
0.01) among all the single metal treatments. It increased the number of nodules at all 
the three concentration among the all dose. A minimum reduction at three 
concentrations 0.5x concentration (15.13mg/kg soil) 1.Ox concentration (30.26mg/kg 
soil) and 2.Ox concentration (60.52mg,kg soil) at 60 days was recorded as (36.15, 
65.97 and 80.85%), after 80 days (24.28, 62.14 and 69.73%), after 110 days (22.59, 
47.33 and 63.46%) respectively in nodule number as compared to control (Table 37). 
The number of nodules per plant decreased with metals at both the stages of plant 
growth and was greatly influenced by the concentration of metals applied. A 
minimum reduction on nodules dry weight of the plant after 60 days was recorded as 
(45.51, 69.61 and 81.75%), after 80 days (35.28, 57.44 and 75.21%), after 110 days 
(40.13. 54.77 and 67.94%) as compared to control (Table 3 7). 
Reduction in number nodules per plant of pigeonpea with treatment of zinc, at three 
concentrations 0.5x (1 10.02mg/kg) at I.Ox (220.04mg/kg soil) and at 2.Ox 
(440.08mg/kg soil) was recorded after 60 days as (53.20. 70.25 and 87.23%); after 80 
days (47, 65.19 and 77.28%). after 110 days (34.42, 57 and 74.20%) in nodule 
number as compared to control (Table 37). A minimum reduction on nodules dry 
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weight of the plant after 60 days was recorded as (51.78, 69.46 and 77.84%) after 80 
days (46.25, 61.54 and 75.10%), after 110 days (47.58, 60.79 and 72.84%), 
respectively as compared to control (Table 37). 
Reduction in number of nodules per plant after treatment of Ni on pigeonpea at three 
concentrations 0.5x (81.38mg/kg soil), I.Ox (162.76mg/kg soil) 2.Ox (325.52mg/kg 
soil) was found to be at 60 days 6I.69. 85.13 and 93.62%), at 80 days 60.64, 75.78 
and 87.91%. and at 110 days 48.39, 70.97 and 82.80% as compared to control, table 
(37). A minimum reduction on nodules dry weight of the plant at 60 days 54.32, 72.88 
and 81.35%, at 80 days 50.49, 63.90 and 77.47%, at 110 day's (50.30, 62.41 and 
74.36%) respectively as compared to control (Table 37). 
Reduction in nodule number per plant of pigeonpea due to treatment with lead at three 
concentrations 0.5x (52.85mg/kg soil). 1.Ox (105.70mg/kg soil), and 2.Ox 
(21 1.40mg'kg soil) at 60 days 42.53, 72.35and 83.02%, at 80 days 37.91, 66.69 and 
74.28%, at 110 (lays 27.97, 51.62 and 66.67% as compared to control (Table 37). A 
minimum reduction on nodules dry weight of the plant after 60 days was (48.50, 
66.11 and 76.16%), after 80 days (39.16, 59.39 and 72.42%), after 110 days (42.96, 
57.48 and 71.08%) respectively as compared to control (Table 37). 
In combination of metals Ni+Cd the reduction in nodule number per plant of 
pigeonpea at all the three concentrations was found to be 0.5x (88.00mg/kg soil) I.Ox 
(176.00mg/kg soil) 2.Ox (352mg/kg soil) after 60 days was found to be (78.74, 89.40 
and 97.90%), after 80 days (74.28, 83.37 and 92.45%), after 110 days (69.91, 79.59 
and 88.20%) in nodule number as compared to control (Table 37). A minimum 
reduction on nodules dry weight of the plant after 60 days was (76.31, 86.02 and 
93.48%), after 80 days (70.45, 84.26 and 90.62%), after 110 days (65.12, 79.11 and 
87.77%) as compared to control (Table 37). 
Among all the combination of metal treatments, Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) reduced the nodules number and dry 
nodule weight at all the three concentration among all doses. The combination of 
metals Ni+Cr reduction in nodule number per plant of pigeonpea at three 
concentrations 0.5x (96.51mg/kg soil) l.Ox (193.02mg/kg soil) 2.Ox (386.04mg/kg 
soil) at 60 days was 70.25. 85.12 and 95.78%, at 80 days 66.69, 80.32 and 89.41%, at 
110 days 65.62, 75.30 and 86.04°%, in nodule number as compared to control (Table 
37). A minimum reduction on nodules dry weight of the plant at 60 days 69.88, 82.97 
and 89.94%, at 80 days 63.89, 77.09 and 88.76%, at 110 days 62.46, 77.27 and 
86.25% respectively as compared to control (Table 37). 
In combination of Cr+Cd the reduction in nodules number of pigeonpea at three 
concentrations 0.5x (21.75 mg/kg soil) l.Ox (43.50 mg/kg soil) 2.Ox (87.00 mg/kg 
soil) was after 60 days (76.63, 89,40 and 97.90%), after 80 days (71.23, 84.87 and 
93.64%), and after 110 days (66.68, 77.42 and 89.26%) respectively, in nodule 
number as compared to control (Table 37). A minimum reduction on nodules dry 
weight of the plant at 60 days 71.83, 85.69 and 93.39%, at 80 days 66.29, 79.44 and 
90.78%, at 110 days 63.96, 78.67 and 87.84% as compared to control table (37). 
Nodules number per plant and nodule dry weight was reduced even further when 
cadmium was used with combination of nickel and chromium. In combination of 
Ni+Cr+Cd the reduction in nodule number of pigeonpca at three concentrations 0.5x 
(103.13 mp'kg soil) I.Ox (206.26 mgikg soil), 2.Ox (412.52 mg/kg soil) was recorded 
as at 60 days 85.13, 95.79 and 97.90%, at 80 days 77.28, 87.91 and 97%, at 110 days 
73.13, 82.81 and 92.49%, in nodule number as compared to control (Table 37). A 
minimum reduction on nodules dry weight of the plant after 60 days, (77.05, 88.23 
and 94.86%), after 80 days (74.73, 84.07 and 92.80%), after 110 days (71.19, 81.70 
and 87.73%) respectively as compared to control (Table 37). 
Among all the combination of metal treatments Ni+Cr*Cd+pb+Zn was found to he 
the most phytotoxic and significantly at (P<0.05 and 0.01) reduced the nodule number 
and dry nodule weight at all the three concentration among all the dose. In 
combination of Ni+Cr+Cd+Pb+Zn the reduction in nodule number of pigeonpea at 
three concentrations 0.5x (266mg/kg soil) 1.0 (532mg/kg soil) 2.Ox (1064mg/kg soil) 
was recorded at 60 days 89.40, 95.79 and 97.90%, at 80 days 83.37, 93.96 and 
98.50%, at 110 days 79.59, 89.26 and 95.71% respectively as compared to control 
show in table (37). A minimum reduction on nodules dry weight of the plant at 60 
days 76.16, 87.16 and 96.24%, at 80 days 74.91, 83.81 and 92.96%, at 110 days 
74.42, 84.78 and 90.53% respectively as compared to control shown in table (37). 
In comparison, the triple metal treatment showed greatest adverse effect on modulation 
compared with either the control plants or dual metal treatments. The reduction in 
nodulation was accompau ied by a significant decrease in dry mass of nodules. 
Generally the metal impact was more profound at double the normal concentration of 
the dual or triple metal combinations, compared with the lower concentrations tested 
in this study. 
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Nitrogen content: 
The nitrogen content in root was significantly decreased in metal-treated plant of 
pigeonpea (Table 38). Percent nitrogen in root of pigeonpea varied inversely with the 
amount of metals added, cadmium causing the greatest effect comparison to other 
single metals added. The percent nitrogen in root of pigeonpea was reduced at three 
concentrations 0.5x (6.62mg/kg soil) 1.Ox (13.24mg/kg soil) and 2.Ox (26.48mg/kg 
soil)and it was (67.14, 79.60 and 84.58%) at 60 days, (61.48, 64.60 and 81.33%), at 
80 days and (63.46, 66.70 and 79.93°0), at 110 days respectively as compared to 
control (Table 38). Among all the single metal treatments cadmium was found to be 
the most phytotoxic and reduced the percent nitrogen of shoot of pigeonpea crops at 
60 days. by 54.95, 67.98 and 80.10%. 55.41, 62.39 and 68.80% at 80 days, 61.83, 
70.61 and 74.02°/0 at 110 days respectively as compared to control (Table 38). 
Chromium was found to be the least phytotoxic and significantly at (P<0.05 and 0.01) 
among all the single metal treatments increased the percentage of nitrogen of root and 
shoot at all the three concentration among the all dose. A minimum reduction at three 
concentrations 0.5x (15.13mg/kg soil), 1.0x (30.26mg/kg soil) and 2.Ox (60.52mg/kg 
soil) at 60 days was found to be (33.67, 54.22 and 68.11%),  at 80 days , 35.17, 52.55 
and 62.11%, at 110 days 41.59, 50.07 and 65.58% in root as compared to control 
(Table 38). Reduction in percent nitrogen of shoot varied inversely with the amount of 
metals added, chromium causing the least effect in comparison to other single metals 
added. Among all the single metal treatments chromium was found to be the least 
phytotoxic and reduced the percent nitrogen of shoot of the crop pigeonpea after 60 
days (20.96, 51.57 and 59.95%), after 80 days (21.33, 54.80 and 60.65%), and after 
110 days (40.20. 57.05 and 64.76%) as compared to control (Table 38). 
Reduction in percent nitrogen of root of plant of pigeonpea when treated with zinc, at 
three concentrations 0.Sx (110.02mg/kg) and I.Ox (220.04mg/kg soil) and at 2.Ox 
(440.08mg/kg soil) after 60 days was found to be (53.81, 66.07and 68.26%); after 80 
days (48.38, 60.27 and 65.65%), and after 110 days (45.70, 62.42 and 68.64%) 
respectively as compared to control table (38). Reduction in percent nitrogen of shoot 
after 60 days was recorded as (44.70, 58.33 and 72.12%), after 80 days as (39.77, 
59.77 and 64.02%). after 110 days as (44.02, 62.04, 66.18%) respectively as 
compared to control (Table 38). 
Reduction percent of nitrogen in the nickel treated plants in root of pigconpea at 
concentration 0.5x (81.38mg/kg soil), 1.Ox concentration (162.76mg/kg soil) 2.Ox 
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concentration (325.52mg/kg soil) after 60 days was found to be (55.90, 80.72 and 
82.20%), at 80 days (52.79, 72.87 and 80.47%), at 110 days (58.71, 74.04 and 
76.19°% respectively compared to control (Table 38). Similarly in percent of nitrogen 
in shoot at 60 days was (54.75. 61.72 and 71.67%), at 80 days (54.95, 60.49 and 
68.69%) at 110 days (56.67, 67.56 and 68.9 1 %) respectively as compared to control 
(Table 38). 
Due to treatment with lead (Pb) at three concentrations 0.5x (52.85mg/kg soil), I.Ox 
(105.70mg/kg soil), and 2.Ox (21 1.40mg-'kg soil) reduction in nitrogen percent in root 
of plant of pigeonpea was recorded as (39.93, 61.29 and 69.79%). after 60 days; 
(41.13, 58.01 and 63.86%) after 80 days and (40.50, 65.72 and 71.55%) after at 110 
days respectively as compared to control (Table 38). Similarly reduction in nitrogen 
percent of shoot at 60 days (28.08, 51.97 and 61.82%), at 80 days (31.95, 43.80 and 
54.35%). at 110 days (43.91, 51.81 and 60.46%) respectively as compared to control 
(Table 38). 
In combination of metals Ni+Cd the reduction in percent nitrogen of root of plant of 
chickpea at concentrations 0.5x (88mg/kg soil), 1.Ox (176.00mg/kg soil) and 2.Ox 
(352mg.'kg soil) was recorded at 60 days as (56.15, 74.11 and 74.67%), at 80 days 
55.44, 65.85 and 68.27%, at 110 days 58.09, 68.61 and 71.26% respectively as 
compared to control (Table 38). Reduction in percent nitrogen of shoot after 60 days 
was recorded as (61.97, 68.03 and S2.37°/), after 80 days (60.53, 62.69 and 74.08%), 
after 110 days (56.84. 65.62 and 75.39%) respectively as compared to control ((Table 
38). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) percent of nitrogen in root and shoot 
all the three concentration among the all doses. In combination of metals Ni+Cr the 
reduction in percent of nitrogen in plant root of pigeonpea at three concentrations 0.5x 
(96.51mgikg soil) l.Ox (193.02mg/kg soil) and 2.Ox (386.04mg/kg soil) at 60 days 
was calculated as (56.97, 75.23 and 76.55%,%%), at 80 days (58.17, 71.35 and 72.09%), at 
110 days (59.48, 70.68 and 72.59%) respectively as compared to control (Table 38). 
Reduction in percent nitrogen of shoot at 60 days was recorded as (54.55, 65.66 and 
77.12%). at 80 days (50.97, 64.93 and 68.92%). at 110 days (55.19. 63.13 and 
71.27%) respectively as compared to control (Table 38). Reduction in percent 
nitrogen of root and shoot was least with this combination in comparison to other 
combination of metals. 
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In combination of Cr+Cd the reduction in percent of nitrogen in root of pigeonpea at 
concentration 0.5x (21.75etg/kg soil), 1.Ox (43.50mg/kg soil), 2.Ox (87.00mg/kg soil) 
at 60 days was recorded as (59.36, 74.06 and 76.75%), at 80 days (66.78, 67.60 and 
75.17 0/a), at 110 days (59.07, 65.88 and 72.51%) respectively as compared to control 
(Table 38). Reduction in percent nitrogen of shoot at 60 days (50.71, 67.37 and 
71.62%), at 80 days (50.63. 68.46 and 63.87%), at 110 days (55.37, 62.65 and 
68.83%) respectively as compared to control (Table 38). 
The nitrogen content of root and shoot of pigeonpea was reduced even further when 
cadmium was used with combination of nickel and chromium. In combination of 
Ni+Cr+Cd the reduction in nitrogen content of pigeonpea at concentrations 0.5x 
(103.13mg/kg soil) 1.Ox (206.26mg/kg soil), 2.Ox (412.52mg/kg soil) was recorded at 
60 days as (65.87, 79.86 and 85.15%), at 80 days (63.55, 76.41 and 81.25%), at 110 
days (63.73, 71.07 and 79.82%) respectively as compared to control (Table 38). The 
percent of nitrogen of pigeonpea plant was reduced even further when cadmium was 
used with combination of nickel and chromium. Reduction in percent nitrogen of 
shoot at 60 days was recorded as (60.96, 70.25 and 77.73%), at 80 days (60.91, 65.43 
and 66.45%), and at 110 days (63.69, 68.96 and 68.93%) respectively as compared to 
control (Table 38). 
Among all the combination of metal treatments Ni+Cr+Cd-+ Pb+Z.n was found to be 
the most phytotoxic and significantly (P<0.05 and 0.01) reduced the percent of 
nitrogen of pigeonpea at all the three concentrations among the all dose. When 
cadmium was applied along with nickel, chromium, lead and zinc it declined the 
nitrogen content root and shoot of the plant. In combination of Ni+Cr+Cd+Pb+Zn the 
reduction of percent of nitrogen of root at concentration 0.5x (266mg/kg soil), 1.Ox 
(532mg/kg soil), 2.Ox (1064mg/kg soil) at 60 days was recorded as (76.20, 79 25, 
81.69%), at 80 days (65.89, 68.65 and 79.26%), at 110 days (65.61, 67 and 80.17%) 
respectively as compared to control. Reduction in percent nitrogen of shoot at 60 days 
was found to be (64.55 67.98. and 77.73%), at 80 days (60.46 61.82, and 69.18%), at 
110 days (59.62, 67.15 and 67.28%) as compared to control (Table 38). 
Chlorophyll content: 
The effect of single heavy metal and heavy metal mixtures on chlorophyll content of 
leaves, plants shows that it declined with increasing concentration of metals. A 
gradual and significant reduction in the total chlorophyll content occurred in the 
plants treated with cadmium at concentrations 0.5x (6.62mg/kg soil) 74.46% 1.Ox 
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(13.24mg/kg soil) 84.85% and 2.Ox (26.48mg,'kg soil) 92.18% over control (Table 
39). Cadmium was comparatively more inhibitory than other single metal for 
chlorophyll. Among the single metal treatment cadmium showed a profound toxic 
effect on symbiosis and reduced the chlorophyll content in the leaves of pigeonpea 
plant. Chromium was found to he the least phytotoxic and significantly at (P<0.05 
and 0.01) among all the single metal treatments increased the percentage of 
chlorophyll content at all the three concentration among the all dose. A minimum 
reduction at three concentrations at 0.5x (15.13mg/kg soil) 35.91%, at I.Ox 
(30.26mg/kg soil) 49.86% and at 2.Ox (60.52mg/kg soil) 63.89% compared to control 
(Table 39). 
Seed yield: 
Due to the effect of heavy metal treatments the seed yield varied considerably (Table 
39). Seed yield decreased consistently for each metals, used either singly or in 
combination but was only significantly (P<0.05) reduced at double the normal 
concentration of all metals. Among the single metal treatment cadmium was 
comparatively more inhibitory than other single metal treatment. A gradual and 
significant reduction in the seed yield of content the plants treated with cadmium at 
three concentration of metal viz 0.5x (6.62 mg/kg soil) 58.69%, at I.Ox (13.24 mg/kg 
soil) 78.26%, and at 2.Ox (26.48 mg/kg soil) was recorded as 84.78% in comparison 
to control (Table 39). 
Chromium was found to be the least phytotoxic and significantly at (P<0.05 and 0.01) 
among all the single metal treatments increased the seed yield at all the three 
concentration among the all dose. In contrast the seed yield increased significantly at 
concentrations 0.5x, I.Ox and 2.Ox of metal. The minimum reduction at 0.5x 
(15.13mg/kg soil) was 8.69%, at 1.Ox (30.26mg/kg soil) was 30.43% and at 2.Ox 
(60.52mg/kg soil) it was 477.82%, respectively over control (Table 39). 
Reduction in seed yield of plant of pigeonpea when treated with zinc, at three 
concentrations at 0.5x (1 10.02mg/kg), 39.13%, at 1.Ox (220.04mg/kg soil), was 
recorded as 54.34%, and at 2.Ox (440.08mg/kg soil) 67.39% in comparison to control 
(Table 39). 
Reduction of nickel in seed yield of plant of pigeonpea at three concentrations at 0.5x 
(81.38mg/kg soil) was 43.47%, at 1.Ox (162.76mg/kg soil) was 65.21% and at 2.Ox 
(325.52mg/kg soil) was 80.43% in comparison to control table (39). 
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Due to action of lead (Pb) at three concentrations 0.5x, 1.Ox and 2.Ox seed yield 
reduced at increasing concentration. At 0.5x (52.85mg/kg soil), 30.43%, at 1.Ox 
(105.70mg/kg soil), 50% and at 2.Ox (211.40mgikg soil) 69.56% reduction in seed 
yield of plant of pigeonpea in comparison to control (Table 39). 
Among the composite metal treatments Ni+Cd the reduction of seed yield in 
pigeonpea plant at concentration 0.5x (88mg/kg soil) 69.56% at, LOx (176.00mg/kg 
soil) 82.60% and at 2.Ox (352mg/kg soil) 91.30% in comparison to control (Table 39). 
Among all the combination of metal treatments Ni+Cr was found to significantly 
(P<_0.05) least phytotoxic and significantly at (P<0.05 and 0.01) in seed yield of 
pigeonpea plant at all the three concentration among all the doses. In combination of 
metals Ni+Cr the reduction in seed yield of plant of pigeonpea at three concentrations 
at concentration 0.5x (96.51 mg/kg soil) 65.21%, at 1.Ox (193.02mg/kg soil) 76.08% 
and at 2.Ox (386.04mg/kg soil) 84.78% in comparison to control show in table (39). 
In combination of Cr+Cd the reduction in seed yield of pigeonpea at concentration 
0.5x (21.75mg/kg soil) 69.56%, at 1.Ox (43.50mg/kg soil) 80.43% and at 2.Ox 
(87.00mg/kg soil) 91.30% in comparison to control (Table 39). 
The seed yield of pigeonpea was reduced even further when cadmium was used with 
combination of nickel and chromium. In combination of Ni+Cr+Cd the reduction in 
seed yield of pigeonpea at concentration 0.5x (103.13 mg/kg soil) 78.26%, at 1.Ox 
(206.26mg/kg soil) 84.78% and at 2.Ox (412.52cng/kg soil) 93.47% in comparison to 
control (Table 39). 
Among all the combination of metal treatments Ni+Cr+Cd+Pb~Zn was found to be 
the most phytotoxic and significantly (P<0.05 and 0.01) reduced the seed yield of 
pigeonpea at all the three concentrations among the all dose. In combination of 
Ni+Cr+Cd+Pb+Zn the reduction in seed yield of chickpea at concentration 0.5x 
(266mg/kg soil) 84.78%, at 1.Ox (532mg/kg soil) 89.13% and at 2.Ox (1064 mg/kg 
soil) 95.65% as compared to control table (39). 
Protein content: 
Data show in table (39) indicates that heavy metal treatment under different 
concentrations resulted in decreased protein content in grains. There was significant 
reduction of protein when plants were treated with Cd, while the least reduction in 
protein content of plants with Cr. The protein content was significantly lower in metal 
treated grains compared with the control. 
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The effect of three doses of single, double & triple metal treatments on protein 
content of plants was variable (Table 39). Among all the single metal treatments 
cadmium was found to be the most phytotoxic and significantly at (P<0.05 and 0.01) 
reduced the protein in plant at all the three concentrations among the all dose. A 
maximum reduction at 0.5x concentration (6.62mg/kg soil) was recorded as 51.47%, 
at 1.Ox (13.24mg/kg soil) it was 58.74% and at 2.Ox (26.48mg/kg soil) was 66.51% in 
comparison to control (Table 39). 
Among all the single metal treatments chromium was found to be the least phytotoxic 
and significantly (P<0.05 and 0.01) increased the protein at all the three 
concentrations among the all dose as compared to other metals. In contrast the protein 
increased significantly at 0.5x, I.Ox and 2.Ox concentrations of metal. The minimum 
reduction at concentration 0.5x (15.13mgikg soil) was recorded as 6.24%, at l.Ox 
(30.26mg/kg soil) it was 11.30% and at 2.Ox (60.52mg/kg soil) it was 17.87% over 
control (Table 39). 
Reduction in protein content of plant of pigeonpea at zinc, at three concentrations 
0.5x (1 10.02mg1'kg) was 15.01 %, at 1.Ox (220.04mg/kg soil), it was 22.05%, and at 
2.Ox (440.08mg/kg soil) was 40.80% in comparison to control (Table 39). 
Reduction in protein of plants with nickel of at three concentrations at 0.5x 
(81.38mg/kg soil) was recorded as 22.93%, at l.Ox (162.76mg/kg soil) as 29.35% and 
at 2.Ox (325.52mg/kg soil) as 36.54% in comparison to control (Table 39). 
Due to treatment with lead at three concentrations 0.5x, I.Ox and 2.Ox protein reduced 
at increasing concentrations. At 0.5x (52.85mg/kg soil). it was 11.23%, at 1.Ox 
(105.70mg/kg soil), it was 26.09% and at 2.Ox (211.40 mg/kg soil) it was recorded as 
32.84% reduction in protein of plant of pigeonpea in comparison to control (Table 
39). 
Among the composite metal treatments Ni+Cd the reduction of protein in pigeonpea 
plant at concentration 0.5x (88mg/kg soil) was 55.72%, at 1.Ox (176.00mg/kg soil) 
was 61.16% and at 2.Ox (352mg/kg soil) was 69.01% in comparison to control (Table 
39). 
Among all the combination of metal treatments Ni+Cr was found to be the least 
phytotoxic and significantly (P<0.05 and 0.01) protein of pigeonpea plant at all the 
three concentration among all the doses. In combination of metals Ni+Cr the 
reduction in protein of plant of pigeonpea at three concentrations 0.5x (96.51mg/kg 
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soil) was 33.28%. at 1.Ox (193.02mg/kg soil) was 40.69% and at 2.Ox (386.04mg/kg 
soil) it was 47.47% in comparison to control (Table 39). 
In combination of Cr+Cd the reduction in protein of pigeonpea at concentration 0.5x 
(21 75 mg'kg soil) 44.03%, at LOx (43.56 mgikg soil) it was recorded as 51.73% and 
at 2.Ox (87.00mg'kg soil) it was 57.71% in comparison to control, table (39). 
The protein of pigeonpea was reduced even further when cadmium was used with 
combination of nickel and chromium. In combination of Ni+Cr+Cd the reduction in 
protein of pigeonpea at O.Sx concentration (103.13mg/kg soil) was recorded as 
53.56%, at 1.Ox (206.26mg/kg soil) was 62.73% and at 2.Ox (412.52mg/kg soil) it was 
69.96% in comparison to control (Table 39). 
Among all the combination of metal treatments Ni+Cr+Cd+Pb-Zn was found to be 
the most phytotoxic and significantly (P50.05 and 0.01) reduced the protein of 
pigeonpea at all the three concentrations among the all dose. When cadmium was 
applied along with nickel, chromium. lead and zinc it reduced protein of the plant. In 
combination of Ni+Cr+Cd+Pb+Zn the reduction in protein of pigeonpea at 0Q 5x 
concentration (266mg/kg soil) was recorded as 62.26%, at l.Ox (532mgkg soil) was 
70.00% and at 2.Ox (1064mg'kg soil) was 75.24% in comparison to control show in 
table (39). 
Growth of pigeonpea influenced by chromium reducing Rhizahiam RP2 in 
chromium related soils: 
Pigeonpea plant growth and nodulation: 
Ln this experiment chromium-reducing and plant growth promoting Rhizobium strain 
RP2 was used to assess its bioremediation potential in pot house conditions using 
pigeonpea as a test legume crop. The pigeonpea plants grew poorly when the soil was 
amended with Cr (Plate 5 (IIB). Generally, the growth and nodulation decreased 
progressively with increasing concentration of Cr (VI)_ Among the three 
concentration of Cr (VI), Cr (VI) at 60.52 mg/kg soil had the largest toxic effects and 
significantly (P<0.05 and 0.01) decreased root length 55.82%, shoot length 28.27%, 
nodule numbers 69.73% and nodule dry weight 75.21%, at 80 days, root length 
44.44%, shoot length 34.01%, at 110 day as compared to control. In comparison 
when, Rhizobium strain RP2 was also added, it increased the root length by 4.00%, 
shoot length 3.16 %, nodule numbers 11.69%, nodule dry weight 5.62% at 80 days 
(Table 40); root length 6.13%, shoot length 2.38% respectively at 110 days as 
compared to control. The inoculant strain protected the plants from Cr toxicity 
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possibly through the soluble chromate reductase or by providing plants with the 
sufficient amounts of growth-promoting substances. The inoculant strain reduced the 
Cr uptake by plant organs. In conclusion, the strain RP2 showed a potential for Cr 
(VI) reduction, produced plant growth-promoting substances under Cr stress and 
enhanced the growth and yield of pigeonpea, both in Cr stress and Cr free conditions. 
Due to the multifarious activity, the strain RP2 could therefore, be utilized for growth 
promotion as well as for the bioremediation of Cr polluted soil. 
Chlorophyll content: 
Chlorophyll content of plant decreased consistently with increasing concentrations of 
chromium (Table 40) without the inoculation of strain RP2. Chromium at 
concentration 60.52 mgikg was the most toxic and decreased the chlorophyll and by 
63.89% as compared to control. In comparison, the bioinoculant showed a maximum 
increase in the chlorophyll content of 8.41%, o at 60.52 mg Cr /kg soil compared to 
control (Table 40). 
Seed yield and grain protein: 
Seed yield and grain protein, decreased consistently with increasing concentrations of 
chromium (Table 40) without the inoculation of strain RP2. Chromium at 60.52 
mg/kg was the most toxic and decreased the seed yield and grain protein by 48.94% 
and 17.86% as compared to control. In comparison, the bioinoculant showed a 
maximum increase in the seed yield and protein content of 8.27% and 16.42%, 
respectively, at 60.52 mg Cr /kg soil compared to control (Table 40). 
Chromium tolerant Bacillus BP7 affecting pigeonpea in chromium treated soils: 
Pigeonpea plant growth and nodulation: 
In this experiment chromium-reducing and plant growth promoting Bacillus strain 
BP7 was used to assess its bioremediation potential in pot house conditions using 
pigeonpea as a test legume crop. The pigeonpea plants grew poorly when the soil was 
amended with Cr. Generally, the growth and nodulation decreased progressively with 
increasing concentration of Cr (VI). Among the three concentration of Cr (VI), Cr 
(VI) at 60.52 mg/kg soil had the highest toxic effects and significantly (P<0.05 and 
0.01) decreased root length 55.82%, shoot length 28.27%, nodule numbers 69.73% 
and nodule dry weight 75.21%, at 80 days, root length 44.44%, shoot length 34.01%. 
at 1 10 day as compared to the control. In comparison when, Bacillus strain BP7 was 
also added, it increased the root length, 7.69%, shoot length 3.80%, nodule numbers 
16.3l%, nodule dry weight 6.25% at 80 days respectively (Table 41), root length 
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8.67°'0, shoot length 2.52% respectively at 110 days as compared to control. The 
inoculant strain protected the plants from Cr toxicity possibly through the soluble 
chromate reductase or by providing plants with the sufficient amounts of growth-
promoting substances. The inoculant strain reduced the Cr uptake by plant organs. In 
conclusion, the strain BP7 showed a potential for Cr (VI) reduction, produced plant 
growth-promoting substances under Cr stress and enhanced the growth and yield of 
pigeonpea, both in Cr stress and Cr free conditions. Due to the multifarious activity, 
the strain BC5 could therefore, be utilized for growth promotion as well as for the 
bioremediation of Cr polluted soil. 
Chlorophyll content: 
Chlorophyll content of plant decreased consistently with increasing concentrations of 
chromium (Table 41) without the inoculation of strain BP7. Chromium at 60.52 
mg/kg was the most toxic and decreased the chlorophyll by 63.89% as compared to 
control. In comparison, the bioinoculant showed a maximum increase in the 
chlorophyll content of 6.30%. at 60.52 mg Cr 'kg soil compared to control (Table 41). 
Seed yield and grain protein: 
Seed yield and grain protein, decreased consistently with increasing concentrations of 
chromium (Table 41) without the inoculation of strain BP7. Chromium at 60.52 
mg kg was most toxic and decreased the seed yield and grain protein by 48.94% and 
17.86% respectively as compared to control. In comparison, the bioinoculant showed 
a maximum increase in the seed yield and protein content of 7.18% and 13%, 
respectively at 60.52 mg Cr ;'kg soil as compared to control (Table 41). 
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Table (11): Quantitative determination of heavy metals in water and soil by 
atomic absorption spectrophotometer 
Heavy metal content ( 	litre, 
.Mean value ± SD 
Sites Cd Cr Ni 	 Zn Pb 
WI_______  N.D. 0.78±0.07 7.65±0.20 	12.39±0.31 3.69±0.33 
W2 14.84±0.56 32.63±1.66 167.27±5.44 ; 225.54±5.16 110.16±0.05 
Si 13.24±0.07 30.26±0.12 162.76±4.27 220.04±2.06 105.7±0.90 
S2 0.2±0.10 6.3±0.20 10.8±0.07 	19.2±0.91 8.12±0.07 
Each value is the mean of 3 independent experiments carried out in triplicates 
ND= Not detected 
SD= ±Standard deviation 
Table (12): Physiochemical characteristics of wastewater and heavy metal 
concentration of the test water used in this study 
Water 
Determinations Wastewater 
H  6.5 

















Table (13): Physicochemical properties and heavy metal concentration of the 
contaminated soil used in this study 
- 	 ---- - - -- - 	 - ------ 
Phvsicochemical characteristics - Soil (mg kg) 





~ N O:-N 16.97 
FPO,-N 10.37 
Organic matter 0.60 
% Organic carbon 
Cation exchange capacity (CEC) (cmol kg') 
Water holding capacity 





Table (14): Microbial diversity of different soil samples 
Sampling site Microbial ppu1ations (CFU/g of soil) 
Bacteria (XI-0') j 	Fungi (x 10) I 	Actinom cotes (10') 
Mathura road S1 
Chickpea field 59±1.7 	20±2 25±2 
Pieonpea field 	51±1 24±1 	 20±2 
Cabbage field 63-2 	31±1.7 27±2.6 
Faculty of agricultural sciences (S2) 
Chickpea field 	60±2 	 25±2 	 28±1.5 
Pigeon pea 	i, 	40±5 
field 
51±1 23±1 
Mungbean field 46±1 35±5 30±2 
SD= ±Standard deviation 
Table (15): Source and designation of the bacterial isolates 
Field Isolated bacterial strains  
Bacillus 	Pseudomonas 	A otobacter 	Rhi_obium 
Chick -ea BC5 PC3 AC2 RC3 
(C) PC5 AC7 RC6 
Pi geon ea BPI AP5 RP2 
(P) BP4 AP6 RP7 
AP8 
Mungbean BM2 PM6 AM 3 RM4 
45 PM8 AN16 RM8 
PCM7 ACM4 RCM3 
PCM 10 ACM9 RCM5 
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Table (16): Morphological and Biochemical characteristics of plant growth 
promoting rhizohacteria 
Morphological 
Gram reaction 	1 	Gram-ve 	Gram-ve 	Gram+ve 	Gram-ye 
(100) (100) (100) (100) 
Cell shape 	 Small rods Small rods Straight rods Small rods 
(100) (100) (100) (100) 
Colony 	 I 	Watery shrinked. 	Transparent, Serrated Button shaped, 
Mucilaginous. watery.button margins Shiny 
serrated margins 	shaped (100) (100) 
(100) 	 (100) 
Pigmentation 	Mucoid, some 	 - White 5 Fluorescent 3 (50) 
become blackish- 	 j (100) green, yellowish 3 
brown on aging 9 
(100) 
(50) 
Fluorescence 	 -(0) 	 -(0) -(0) 3(50) 
FPS production 9(100) 8(100) 	 -(0) 	 6(100) 
Biochemical characteristics 
Nitrate reduction 9(100) 	4(50) 	4(80) 	 5(83) 
Mannitol 5(55.55) 	 3(37) 4(80) 3(50) 
utilization 
B1ethslred test 4(40) 2(25) 5(100) 3(50) 
CataIasetest 9(100) 8(100) 5(100) 6(100) 
Oxidase test -0 -0 -0 6(100) 
Asparagine test -0 -0 -0 6(100) 
Citrate utilization 7(70) 6(75) 3(60) 3(50) 
(Plate C) 
VI 	oges Proskauer 3(30) 2(25) 2(40) 3(50) 
test_______ L  Indole test _________ -0 ________ I 	3(37) ______ 3(60) _________ -0 
Hydrolysis 
Gelatin hydrolysis 9(100) 	 3(37) 3(60) 4 (67) 
Starch hydrolysis 9(100) 2(25) 3(60) 4(67) 
(Plate D) 
Lipid hydrolysis 	6(60) 3(37) 4(80) 5(83.33) 
(Plate E) 
Presumptive 	A_orohacter spp. (9) Rhi_obium spp.(8) Bacillus spp. Pseudomonas 
identification (5) spp.(6) 
Values indicate no. of strains showing positive reaction: values in parenthesis of strains showing 
positi%a reaction 
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Table (17): Fermentation behaviour of the isolated bacterial strains 
Genus Sugar used (S L- 	 -- 	---- 
Glucose Fructose Sucrose Lactose 
Acid Gas Acid Gas Acid Gas Acid Gas 
Pseudomonas 
(6) 








Bacillus (5) 5 (100) i 	2(40) 5(100) 0 5(100) 2(40) 0 0 
.-lotohacter 
(9) 
7(77.8) 5(55.55) 7(77.8) 3(33.33) 4(44.44) 1(1 1.1 1) 2(22.22) 0 
- 
Rhi:obium (3) 3(37.5) 3(37.5) 4(50) 3(37.5) 4(50) 2(25) 2(25) 2(25) 
Values indicate no. of strains showing positive reaction. values in parenthesis of strains showing 
positive reaction 
Table (18): Indole acetic acid production (µg nil-t ) by rhizobacterial strains in 
Luria Bertani broth supplemented with different concentration of tryptophan 
Genus Isolates 	50T 	1001' 
no. 
150T 200T 
Bacillus BC5 25 33 42 55 
BP4 35 40 50 80 
BP7 40 50 70 90 
BM2 33 45 55 70 
BM5 40 50 60 90 
Rhizobiun: RC3 40 60 70 95 
RC6 35 45 55 65 
RP2 45 65 80 95 
RP7 45 50 60 80 
RM4 40 65 75 90 
RM8 30 40 52 60 
RCM3 35 40 50 70 
RCM5 50 80 90 100 
Pseudoinona.s PC3 35 40 75 85 
PC5 30 55 60 80 
PM6 45 75 90 100 
PM8 35 50 85 95 
PCM7 30 40 55 70 
PCM 10 40 60 75 95 
Azotobacter AC2 45 55 65 110 
AC7 40 60 80 90 
AP5 25 33 55 70 
AP6 35 45 55 80 
APS 25 40 65 85 
AM3 45 65 85 100 
AL-16 40 55 60 70 
ACM4 30 45 65 80 
ACM9 35 50 75 90 
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Table (20): Antifungal activity of bacterial culture by well diffusion method 













Bacillus BC5 22 22 18 
BP4 24 0 18 
BP7 25 24 16 
BM2 22 0 15 
BM5 20 18 20 
Rhizobium 	RC3 11 22 11 
RC6 14 19 0 
RP2 12 20 12 
RP7 11 22 0 
RM4 0 24 12 
RM8 0 0 0 
RCM3 12 18 11 
RCM5 0 0 0 
Pseudomonas 	PC3 17 20 17 
PC5 19 28 14 
PCM7 16 20 16 
PCM 10 15 22 14 
PM6 0 0 16 
PM8 15 0 15 
Azotobacter AC2 0 25 15 
AC7 11 22 0 
AP5 0 0 11 
AP6 14 24 16 
AP8 11 22 17 
AM3 0 0 11 
AM6 0 0 15 
ACM6 14 20 0 
ACM9 18 0 12 
Values indicate zone of inhibition produced on PDA medium by Bacillus. Rhi obium, 
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Table (23): Antibiotic discs used in the present study 
Number of strains resistance to antimicrobial drugs 
Antibiotic 	r Bacillus I Rhizobium Pseudon:onas : I zotobacter 
Amoxicillin (Am) 1(20) 4(50) 1(17) 2(22) 
Chloramphcnicol (C) 2(40) 4(50) 1(17) 3(33) 
Ciprotloxacin (Cf) 0(0) 2(25) 2(33) 2(22) 
Co-trimoxazole (Co) 	1 3(60) 	2(25) 1(17) 3(33) 
Erythromycin (E) 0(0) 2(25) 1(17) 1(11) 
Gentamycin (G) 1(20) 4(50) 2(33) 4(44) 
Methicillin (M) 	 1(20) 3(37) 1(17) 2(22) 
Nitrofurantoin ( 	t)  	1(20) 2(25) 2(33) 3(33) 
Novobiocin (Nv) 2(40) 4(50) 5(83) 3(33) 
Polymyxin B (Pb) 0(0) 3(37.5) 0(0) 2(22) 
Streptomycin (S) 3(60) 4(50) 4(67) 7(77) 
Value in parenthesis indicates the percentage of strains resistant against specific antibiotic 
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Table (25): Root length and shoot length of chickpea plants as influenced by various heavy metals added alone or in combination 
to soil 
Metal applied Dose rate 	 Len th cm lant 
(mgkg "   	_Root 	 _ _ _ Shoot 
soil) 	60D 	yUD 	1351) 	-- 	- 	.-- 6111) 	90D 	' 	135D - --------- 
 
0.Sz_ 	12.50 	1895 	23 ~' 	16.'5 	22.11 	2~'ti Zn 
Ni 
LOX 	08.22 	11.18 
1.0.x 	65.20 	07.31 
15.30 	13.70 17.00 21.79 
	
10.28 	10 26 	1166 
22.39 	15.48 	21129 
17.16 
0,5x 	11.50 	17 2 3 24.23 
1.Ox 	07.28 	I 	10.18 14.15 13.24 	16.89 20.58 
2.0 	05.30 	07.48 09.77 	07.14 	13.74 	17.21 
Pb O.5~ 	13.25 19.23 24.42 	18 26 	23.41 26.31 
1.0x 	jj8.82 
2,Ox 	05.35 
U26 16.22 14.48 18.17  23.00 
08.21 11.62 10.71 	 ' 	15.83 18.26 
Cd 0.5x 	1 	06.21 09.13 13.64 07.21 	10.26 14.39 
1.0s 	04.63 07.32 09,84 04,50 	07.18 10.13 
2.Ox 03.14 05.08 07.55 02.37 	04.23 06.96 
Cr 0.5x 14.14 20.21 25.55 19.36 	_ 	23.18 27.62 
LOX 09.20 13.21 17.37 15.25 19.34 23.90 
2.Ox 06.28 08.16 12.93 
17.22 
12,16 15.23 19.23 
Ni+Cd O,SY 09.13 12.25  09,14 1166 19.72 
l.OX 06.29 09.84 13.71 07.32 10.08 14.27 
2.Or 04.35 06.56 09,29 04.93 07.53 10.35 
Ni+Cr 0,5r 1025 14.25 18.22 12.7 11.46 20.34 
l Ar 08.26 11.23 14.94 08.20 11.87 16.73 
2.Ox 05.59 09.61 12.00 06.36 09.73 11.96 
Cr+Cd O.5x 07.20 11.56 16.25 10.27 14.32 18.21 
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Root 
05.35 08.53 11.25  
03.13 05.06 7.58 
05.68 08.35 11.60 
03.22 05.23 07.66 
01.65 03.50 05.14 
05.64 07.19 10.21 
02.21 04.30 07.16 
1.18 2.75 04.65 
17.96 24.35 29.36 
a h 	c axb bxa cxa axbxc 
.069 .043 	.038 .139 .120 .076 .240 
Shoot 
08.25 11.44 15.15 
0534 • 07.69 11.51 
2.55 04.70 07.32 
01.94 03.17 05.33 
0.92 01.66 03.62 
06.16 08.41 11.17 
04.40 05.96 08.19 
02.15 04.29 06.39 
23.31 28.82 35.49 
a • b c axb bxa cxa axbxc 















Dose rate 	 cm Dian[ 
CD at 5% .192 .121 	.105 385 333 2U[ .667 .323 204 .177 .647 60 .354 	1.12 
CD at 1% .270 .171 x 	.148 .541 .469 ?96 .938 .3UU .189 .164 .600 .520328 ! 	1.04 
CV 3.102 2.994 
a= Metal, h= Concentration, c= Days, ab= Metal x Concentration, ba=Concentration x Metal, ca = Days x Metal, 
Concentration x Days 
abc= Metal x 
Values are mean of three replicates where each replicate constituted three plants/pot 
In this table, value 0.5x of metal concentration indicate half. I.Ox indicate normal and 2.Ox indicate double values of metal, symbol 
indicates,Zn for zinc, Ni for nickel, Pb for lead, Cd for cadmium and Cr for chromium 
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 Dry ►i eight (g plant* ) 
Shoot 
135D 	60D 	90D 	135D 
Ni+Cr+Cd 0 S 0.32 0.59 0.75 1.34 1.51 1.67 
LOX 0.10 0.31 0.44 126 1.40 ~~ 1.52 
2.Ox 0.03 0.11 0.24 1.21 1.32 1.44 
Ni+Cr+Cd+Pb+Zn 0.5x 0.17 0.30 0.55 1.13 1.27 1.34 







0.10 1.01 	1.01 1.06 
4.13 3.92 	4.33 
a 	b 	c 	axb 
5.10 
bxa 	cxa axbxc a b c axb 	bxa exa 	axbxc 
SE:m .015 .009 .008 .030 .026 .016 	.052 .017 .011 	.009 .035 .030 	.019 .061 
CD at 5% 042 .026 .023 .084 .072 .046 	.145 .048 .030 	.026 .097 84.053 .168 
CD at 1% .059 .037 .032 .118 .102 .064 	.205 .068 .043 .037 .137 .118 .075 .237 
CI' 8.766 3.771 
a- Metal, b- Concentration, c= 
Concentration x Days 
J 
Days, ab= Metal x Concentration, ba=Concentration x Metal. ca - Days x Metal, abc= Metal x 
Values are mean of three replicates where each replicate constituted three plants,pot 
In this table, value 0.5x of metal concentration indicate half, I.Ox indicate normal and ?.Ox indicate double values of metal, symbol 
indicates, Zn for zinc, Ni for nickel, Pb for lead, Cd for cadmium and Cr for chromium 
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Nodule dry wei ht i j  
 60D 	90D 
 1.18 	2.13 
135D 
3.87 






1.33 2.66 5.33 0.89 1.52 2.27 
0.33 1.33 2.66 0.72 1.45 1.71 
Ni+Cr+Cd+Pb+Zn j.5x 2.33 4.66 7.33 0.44 0.63 0.86 
LAX 0.66 2.33 4.66 0.2 0.46 0.66 
2,Ox 0.33 0.66 2.33 0.18 0.33  0.42 
Control 15.00 23.33 
- 


















b 	~ 	c 









CD at 5% .493 .311 .270 .986 	.854 .540J 1.708 .1 S 1 .096 	.083 .303 .263 .166 .526 
CD at 1% 693 .434 .379 1,386 	1.200 .759 	2.401 .213 ,135 	.117 .427 .369 L234 .739 
CV 	9.754  	 3.147  
a= Metal, b= Concentration, c= Days, ab= Metal x Concentration, ba-Concentration x Metal, ca = Days x Metal, abc= Metal x 
Concentration x Days 
Values are mean of three replicates where each replicate constituted three plants pot 
In this table, value 0.5x of metal concentration indicate half, l.Ox indicate normal and 2.Ox indicate double values of metal, symbol 
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03.44 0.77 	1.34 
15.23 	18.25 
2.20 	01.06 02.12 
26.14 	16.14 20.35 28.30 
a b c axx b 	bxa cxa arbxc a 	b e axb bxa cxa axbxc 
SEfm .018 .011 ! 	.009 	' .036' 	.031 .019 .062 .046 	.029 ; 025 093 .081 .051; .162 
CD at 5% .116 .071 .060 	2.11 	201 .127 .402 1 	.129 	.082 .071 .259 .224 .142 .449 
CD at 1% .070 .044 .038 	_1411.122 .077 245 .081 	.0.4 .046 i59 .136 .089 290 
CV 1.198 2.712 
a= Metal, b= Concentration, c= Days, ab= Metal x Concentration, ba=Concentration x Metal, ca = Days x Metal, abc= Metal x 
Concentration x Days 
Values are mean of three replicates where each replicate constituted three plants"pot 
In this table, value 0.5x of metal concentration indicate half, I.Ox indicate normal and 2.Ox indicate double values of metal, symbol 
indicates, Zn for zinc, Ni for nickel, Pb for lead, Cd for cadmium and Cr for chromium 
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Table (29): Effect of heavy metals on chlorophyll, leghaemoglobin and seed yield 
of chickpea inoculated but metal free control 
Metal applied Dose 	Chlorophyll 
rate content 
(mgkg ' 	(mg g5 
soil) 90 DAS 
Leghaemoglobin 
content 






Zn 	 0.5x 
1.Ox 
2.Ox 
0.86 0.24 2.46 
0.76 0.15 1.75 
0.70 0.10 1.70 
Ni 	 0.5x 
1.Ox 
2.Ox 
0.73 0.16 2.09 
0.62 0.10 1.80 
0.60 0.06 1.34 
Pb 0.5x 0.80 0.33 3.10 
1.Ox 0.71 0.25 2.30 
2.Ox 0.68 0.15 1.92 
Cd 0.5x 0.52 0.10 1.09 
1.Ox 0.48 0.06 0.89 




0.86 0.26 4.09 
0.84 0.20 3.61 




0.41 0.09 1.13 
0.39 0.06 0.83 
0.37 0.04 0.70 
Ni+Cr 0.5x 0.36 0.11 2.17 
1.Ox _ 0.35 0.08 1.74 
2.Ox 0.29 0.05 1.54 
Cr+Cd 0.5x 0.55 0.08 1.45 
1.Ox 0.51 0.06 1.20 
2.Ox 0.46 0.04 0.48 
Ni+Cr+Cd 0.5x 0.30 0.06 0.96 
l .Ox 0.28 0.04 0.64 
2.Ox 0.27 0.02 0.50 
Ni+Cr+Cd+Pb+Zn 0.5x 0.29 0.05 0.96 
1.Ox 0.26 0.03 0.64 
2.Ox 0.23 0.01 0.33 
Control 0.93 0.41 7.23 
S E+m 0.982 0.892 0.589 
CD at 5% 0.277 0.252 0.166 
CD at 1 % 0.369 0.335 0.221 
CV 3.148 12.96 5.829 
Values are mean of three replicates where each replicate constituted three plantsipot 
In this table, value 0.5x of metal concentration indicate half, 1.Ox indicate normal and 
2.Ox indicate double values of metal. symbol indicates, Zn for zinc, Ni for nickel, Pb 
for lead, Cd for cadmium and Cr for chromium 
Table (30): Protein content in chickpea grains as influenced by various heavy 
metals. 
Heavy metal Grain protein (mg  
0.5X 1.OX 2.OX 
Zn 22.04 19.33 14.56 
Ni 20.30 18.03 14.50 
Pb 23.26 18.53 16.46 
Cd 11.18 09.30 06.33 
Cr 25.03 23.40 21.50 
Ni+Cd 10.05 08.66 07.33 
Ni+Cr 16.30 12.53 11.46 
Cr±Cd 13.56 10.26 06.50 
Ni+Cr+Cd 11.46 08.40 05.63 
Ni+Cr+Cd 
+Pb+Zn 
09.30 06.53 05.30 
Control 25.33 
CD at 5% 1.64 1.65 1.62 
CD at 1 % 2.23 	 2.25 2.21 
CV 5.64 6.54 7.76 
Values are mean of three replicates where each replicate constituted three plants/pot 
In this table, value 0.5x of metal concentration indicate halt, 1.Ox indicate normal and 
2.Ox indicate double values of metal, symbol indicates. Zn for zinc, Ni for nickel, Pb 
for lead. Cd for cadmium and Cr for chromium 
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Table (31): Effect of heavy metal treatment on the germination percentage of 
chickpea after 7 days 
Treatments 	Concentration 







Control 	100 3.55 3.50 83.33 
(H20) 80 3.68 3.45 83.33 
De-ionized 	! 	60 
water 	 40 
3.72 3.55 83.33 
3.80 3.41 83.33 
20 3.69 3.37 83.33 
Zn 100 0.87 0.53 33.33 
80 1.33 1.33 50.00 
60 1.77 1.66 66.66 
40 2.06 1.93 66.66 
20 2.40 2.16 83.33 
Ni 100 0.20 0.13 33.33 
80 0.50 0.33 33.33 
60 0.93 0.60 33.33 
40 1.37 0.96 50.00 
20 1.70 1.36 66.00 
Pb 100 1.20 2.53 50.00 
80 1.50 1.33 50.00 
60 1.66 1.66 66.66 
40 2.03 1.86 66.66 
20 2.50 2.13 83.33 
Cr 100 0.50 0.53 33.33 
80 1.06 0.80 50.00 
60 1.43 1.06 50.00 
40 1.76 1.46 66.66 
20 2.60 1.83 83.33 
Cd 100 00.00 00.00 00.00 
80 0.16 0.13 16.66 
60 0.50 0.26 33.33 
40 0.56 0.50 33.33 
20 1.10 0.83 50.00 
Each value is a mean of three independent experiments 
In this table symbol indicates. Zn for zinc, Ni for nickel, Pb for lead, Cd for cadmium 
and Cr for chromium 
:1 
Table (32): Grade growth inhibition (GGI) of shoots and roots, metal treated 
plants of chickpea 
Heavy metal 
treatment 
GGI Pot in shoot at GGI Pot" in root at 
0.5x 1.Ox 2.Ox 0.5x 1.Ox 2.Ox 
Zn 47.37 62.02 	I 72.16 70.66 73.53 80.01 
Ni 46.11 51.35 68.71 58.27 70.90 77.45 
Pb 62.58 73.55 78.72 77.21 82.51 94.14 
Cd 26.08 51.28 58.97 49.08 63.94 77.23 
Cr 81.51 85.76 89.65 82.57 85.85 89.12 
Ni+Cd 72.43 77.10 87.90 85.40 86.56 90.73 
Ni+Cr 56.92 71.36 77.20 72.57 74.73 79.61 
Cr+Cd 71.36 73.35 78.39 74.9 84.49 89.20 
Ni+Cr+Cd 83.29 85.35 	89.90 86.61 J 	89.44 94.30 
Ni+Cr+Cd+Pb+Zn 85.41 87.24 	94.16 86.64 f  91.85 97.50 
Control 154.54 145.53 
CD at 5% 4.42 2.86 2.80 2.51 2.44 2.24 
CD at 1 % 6.03 3.90 3.82 3.42 3.33 3.06 
CV 3.62 12.11 1.90 1.82 1.66 1.43 
Values are mean of three replicates where each replicate constituted three plants/pot 
In this table, value 0.5x of metal concentration indicate half. I.Ox indicate normal and 
2.Ox indicate double values of metal, symbol indicates, Zn for zinc, Ni for nickel, Pb 
for lead. Cd for cadmium and Cr for chromium 
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Table (33): Effect of three concentrations of Cr (VI) on growth and nodulation of chickpea plants grown in soil inoculated with 
and without jfe.wI:(thuan sp. RC3 
Treatment  Dose  Length (cm plant1) Nodulation Nodulation 
rate No.plantt__, 
(RIO Root Shoot 901):tS Dry mass 












l3.9 Iun1noc ated 
0.5x 	- 20,21 25.55 23.18  27.62 18.00 10,49 
17.54 19.34 23.90 8.66 7.43 LOX 13.21 
8.16 12.93 15.23 19.23 5.33 7.47 
28.16 25.00 15.75 inoculated ('oiflroll 32.55 j 32.06 36.74 
31.06 35.12 35.48 38.15 28.66 17.13 _ - 
33.31 33.92 34.11 39.93 27.33 19.03 HLOX 
2.O 31.22 34.89 36.03 40.13  26.66 17.92 
a 	b 	c axb bxa 	ca axbxc a 	b 	c ab bxa cxa akbxc  
CO at 5%  .323 .457 .323 .646 .457 	.646 .914 .442j .616 .442 .885 .626 .885 1.25 1.619 1.131 
CDat 1%  .454 .642 .454 909 .642 r909 11.28 .6221 .88 .622 1.24 .880 1.24 1.76 23U 1.558 
CV 2.221 2.579 4.59 4.796 









Leghaemoglobin 	Seed yield 	Grain protein 
content 	(g plant') 	(mg g") 
;mmol f,m. g ~)J 90 
DAS 
0.416 	 7.23 	25.33 Control 0.93 
0,5x 0.86 0.266 4.09 	25.03 
1,OX 0.84 0.200 3.61 23.40 
2.Ox 
Control 
0.82 (1136 2.79 	21.50 
Inoculated 1.17 0.496 8.16 	27.21 
0,5x 1.18 0,556 9.23 	29.47 
LOX 1.23 0.573 10.07 28.15 
2,0x 1.25 0.543 10.40 31.79 
Kim .127 .942 .129 .719 
CD at S% .390 .282 .389 2.15 
co at 1% .576 .389 
4.09 
.536 	~ 	2.96 
3.23 	 4.69 225 
Values are mean of three replicates where each replicate constituted three plants' pot 
In this and table, value 0.5x of metal concentration indicate half. l.Ox indicate normal and 2.Ox indicate double alues of metal, symbol 
indicate, Cr for chromium 
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Table (34): Effect of three concentrations of Cr (Vi) on growth and nodulation of chickpea plants grown in soil inoculated with 







 ci  Root 
Length (cm plant') 
 ~   Shoot ---- 
Modulation 	Nodulation 
No, 	ant 
























2.0x 08.16 12.93 15.23 19.23 05.33 07.47 
Inoculated Control 27.31 29.91 30.91 37.49 27.33 15.62 
0.5x 29.30 32.14 33.03 38.33 30.66 17.28 
LOX 28.68 32.88 34.54 39.71 32.00 17.91 
2,Or 30.27 34.82 33.25 40.42 32.66 18.06 
a b c ab ba 	ca abc 	a 	b c ab ba 	ca abc 
SE±m .087 .1231.087 .174 	.123 	.174 246 	139 	.196 AN 	278 j196 278 .393 .912 .350 
CD at 5% 241 .341 241 A82 .341 	.482 .682 	.385 	.545 .385 	.771 .545 	.771 1.090 2.736 1.051 
CD at 1% , 339 .479 .339 .678 479' .678 959 	542 .766 .542 	1.084 	.7668 ;1.084 1.533 3.769 1.448 
0' 1.720 2.269 7.106 J 	4.49 











{mmol f.m. g., ){ 
90 DAS 
0.416 
Seed yield 	Grain protein 
(g plant (mg g) 
0.93 7.23 25.33 
(J.5x 0.86 0.266 4.09 25.03 
LOX 0.84 0.200 3.61 23.40 
2.0x 0.82 0.136 2.79 21.50 
Inoculated 	Control 1.13 0.500 8.30 27.00 
O,Sx 1.17 0.560 9.91 
11.56 
 28.60 
28.90 1.0X 1.20  0.573 
Rim 
2,Ox 1.21 0.533 10.66 30.02 
.666 .124 .148 .368 
CD at 5% .372 	 .444 1.104 1.998 
CD at 1% .512 .611 1.521 2.753 
CV 2.101 	 6.441 8.804 4.403 
In this and table, value 0.5x of metal concentration indicate half, I.Ox indicate normal and 2.Ox indicate double values of metal, s)m»bol 
indicate, Cr for chromium 
Table (35): Root length and shoot length of pigeonpea plants as influenced by various heavy metals added alone or in 
combination to soil 




Length (cm plant') - 
Root 	 Shoot 
8011 	11011 	60D 	j 	80D 
Zn 	0.5x 13.77 16.95 	26.12 51.59 65.37 	81.60 
1.01 
2,Ox 
10.22 13.12 18.24 42.71 62.70 71.87 
60.22 6.15 8.45 15.32 42.70 50.94 
Ni 0.Sx 13.03 20.37 25.02 52.62 61.40 72.82 































10.30 15.39 20.07 20.36 30.87 41.24 
7.07 10.88 16.20 15.93  22.66 31.78 







Cr 	0.Sx 	20.33 
l.Ox 	15.20 
2.Ox 	11.52 
Ni+Cd 	(ISx 	1 	ft38L 
74.39 88.07 

























1.0x 11.18 15.67 18.48 	17.79 	25.80 36.72 
2-Ox 8.63 14.02 17.50 12.00 	17.33 25.63 
Cr+Cd Osz 9.68 14.48 19.53 21.67 	33.00 45.91 
1,0x 9.37 13.21 18.70 	16.32 25.98 36.02 
2.Ox 6.17 10.45 14.83 	12.13 17.45 27.64 






60D 	8011 	110D 60D SOD 110D 
Ni+Cr+Cd O,Sx 8.33 1203. 14,05 14.63 22.36 32.52 
1.01 5.08 717 10.97 9.69 15.23 25,02 
LOx 3.97 6.50 9.38 7,23 9.20 14.39 
Ni+Cr+Cd+Ph+Zn OSx 791 I L20 13,57 13.31 21.15 3036 
]Ax 
21 








c 	a"b bxa 
98.94 






axb bxa exa aYbxc a b 
SEfm .097 .084 .053168 .189 ,119 ,103 .378 .327 207 .655 
CD at 5% .134 ,085 .073 .269 233 .147 466 .524 .331 .287 1.049 909 .574 1818 
CDatl°/v 279 121 .098 .389 357 29.3 .530 .737 .446 .404 1.475 1.278 .8D8 2556 
CV _ 1,631 2.374 
a= Metal, b= Concentration, c= Days, ab= Metal x Concentration, ba=Concentration x Metal, ca- Days x Metal, abe= Metal x 
Concentration x Days 
Values are mean of three replicates where cacti replicate constituted three planta!pot 
In this table, value O,ix of metal concentration indicate half. I.Ox indicatenomnal and 2.Dx indicate double values of metal, symbol 
indicates, Zn for zinc, Ni fo,  nickel, Pb fur lead, Cd for cadmium and Cr for chromium 
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Table (37): Nodulation and dry nodule weight in pigeonpea as influenced by various heavy metals added alone or in combination 
to soil 
Metal applied 	T Dose 	 --Nodulation plant'  
	
rate lodule no, plant 	 Nodule dry ~eight (m8 8, )_ 
(mgkg 	I 	60D 	80D 	1101 	60D 	801) 	1100 
sou) 
Zn O.5 07.33 11.66 	20.33 	16.14 	24.26 	35.18 
1,Ox 04.66 07.66 	f 	13.33 10.22 	17.36 26.32 
2,Ox 02.00 05.00 	! 	 08.00 07.42 	11.24 18.23 
Ni U,5x 06.00 08.66 	16.0(1 15.29 	22.34 3 3.36 
1.0x 	02.33 05.33 09.00 09.08 	16.29 25.23 
Pb 
2,0x 	01.00 02.66 O5.33 6.24 	10.17 17.21 





07.33 15.00 11.34 	18.33 
05.66 10.33 07.98 12.45 
Cd 0,5x 	05.00 07.33 13.33 10.37 16.81 25.31 
1.Ux 	02.33 05.00 08.66 05.32 10.26 17.27 
2.Ox 	00.66 02.33 04.66 03.16 06.48 11.41 
Cr 0,Sx 	10.00 16.66 24.00 18.24 29.21  40.18 
1.Ox 	05.33 08.33 16.33 10.17 19.21 30.36 
2.Ox 	03.00 06.66 11.33 06.11 11.19 21.52 
Ni+Cd 0.5x 	03.33 05.66 09.33 07.93 13.34 23.41 
1.0a 01.66 03.66 06.33 04.68 07.10 14.02 




04.66 07.33 10.66 10.08 16.30 25.19 
02.33 04.33 07.66 05.70 10.34 15.26  
0.66 02.33 04.33 03.37 05.07 09.23 
Cr+Cd 	03z 03.66 	06.33 10.33 09.43 15.21 24.19 
1.OX 1.66 	03.33 07.00 04.79 09.28 14.31 
2.Ox 0.33 	01.40 03.33 02.21 04.16 08.16 
190 
Metal applied 	Dose 
rate  
(mgkg 1 	60D 
Modulation lant' 
Nodule no. 	 Nodule dry  
80D 	110D 	60) 	T 80D 	1100 
soil) - 
Ni+Cr+Cd O,5x 2.33 5.00 08.33 07.68  11.40 19.34 
2.66 0.33 03.94 07.19 12.28 LOX 	0.66 
.,.0x 0.33 0.66 02.33 01.71 3.25 
11.33 
@8.24  
Ni+Cr+Cd+Pb+Zn 0.5x 1.66 	03.66 06.33 07.98 17.17 





2.Ox 	0.33 	0.33 	01.33 	01.26 
Control 	15.66 	22.00 	31.00 	j 	33.47 
a 	b 	c 	akb 	bra cxa 	a~bxc a 	b c ; A bxa cxa aXbxc 
SE+m .170 .107 	' 	.093 .340 	.294 .186 .89 .277 .175 .151 	.554 	' 	.480 .303 I 	.960 
CD at 5% .411 .298 	.258 .942 	.816 .516 1.632 .768 .486 .421 1.537 	1.331 .842 ' 2.663 




a= Metal, b= Concentration, c= Days, ab= Metal x Concentration, ba=Concentration x Metal, ca = Days x Metal, abc= Metal x 
Concentration x Days 
Values are mean of three replicates where each replicate constituted three plants'pot 
In this [able, value 0.5x of metal concentration indicate half, I.Ox indicate normal and 2.Ox indicate double values of metal, symbol 
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80D 1101) 691) 
 Shoot  
801)  1101) 
soil)  
07.73 10.30 I4.27 \i-Cr+Cd 0.5x 	06.71 	09.35 	13.30 
I.Ox 03.96 06.05 10.61 05.89 09.11 12.20 
2Ax 02.92 04,81 07.40 04.41 L  08.84 12.21 
.NitCr+Cd+Ph+Zn 03a 04.68 08.75 12.61 06.34 10.06 15.87 





 03.60 05.32 07.27 04.41 08.12 
 25.65 36.67 19.80 26.35 39.30 Control 	19.66 
a 	b a 	b c 	axb bxa cxa 	axbxc c 	axb bxa cxa axbxc 








.139 .038 	.278 
CD at S°io .211 .133 11423 	.366 	.231 






.399911 CD at 1% .328 .267 
CV  3.297  3.139  
a= Metal, b= Concentration, c= Days, ab= Metal x Concentration, ha- Concentration x Metal, ca = Days x Metal, ahc= Metal x 
Concentration x Days 
Values are mean of three replicates where each replicate constituted three plants,  pot 
In this table, value 0,5x of metal concentration indicate half, I.Ox indicate normal and 2.Ox indicate double values of metal, symbol 



















1.0 x _!23 
2.0 x 
03 x 






~- + --~- LU x 
12.14 
8.43 
2.0 x 4.35 
0.5x 10.32 














Table (39): Effect of heave metals on chlorophyll, Ieghaemoglobin, seed yield and grain protein content of piheonpea inoculated 
but metal free control 
Meal applied 	T Dose rate (nigkg t soil) 	I Chlorophyll content H 	Seed yield 	Grain protein (mg g') 







 21.01 26.00 
16.00   19.26 





19.00 	 13.23 
10.00 11.25 
7.00 	 09.13 
42.00 	_ 	25.56 
32.00 24.18 
24.00 	 22.39  










4.00 	1 	11.53 
194 
Ni+C'r+Cd 	05x  	9.15 	 10.00 	 12.66  
—i 	1.0r 	 6.32 	 7.00 	 10.16 
Ni+Cr+Cd+Pb+Zn 	___  2,0 r 3.26 3.00 	 08.19 
0.5k 	 8.19 	7.00 10.29 
1.0 x 5.17 _ 5.00 	 08.18 
2.0 	 2.21 	 2.00 	 06.75 
Control 28.38 	46.00 	 27.26 
SEfm 	 .240 	 .720 	 .123 
CD at 5% .679 	2.038 	 .348 
CD at 1% 	 .903 	2.709 	 .463 
CV 	 .489 	7.970 	 1.352 
Values are mean of three replicates where each replicate constituted three plants, pot 
In this table, value 0.5x of metal concentration indicate half; I Ox indicate normal and 2.Ox indicate double values of metal, symbol 
indicates, Zn for zinc, Ni for nickel, Pb for lead, Cd for cadmium and Cr tur chromium 
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Table (49): Effect of three concentrations of Cr (VI) on gro►sth and nodulation of pigeonpea plants gro►~n in soil inoculated with 














Length (cm plant')  




I IOD ks 
9Y 	 4 
Modulationludnlalion 
(~o.plant") 
 On mass 






(g plant '1 
Grain 
protein 
22 pU 	4S I? 28.38 4613 27.26 
0.51 2606 30.31 74 39 88.117 16.6h 1.9.21 18.19 41.66 25.56 
Lps 
2.01 
20,79 25.31 67 83 77.84 813 19.21 14 23 32.33 2415 
13.32 20.64 54.05 65.30 6,66 	11.19 10.25 23.66 22.34 
Inoculated Control 34.21 39.14 8160 102.50 25.66 i 	48.45 32.35 52.33 28.25 
0,5% 3662 41.20 83.71 103.96 28.66 49.36 34.51 55 33 30.58 
1.01 37.17 42.51 8448 104.58 31.33 49.85 35.02 56.33 29.15 
2.0% 3538 41.54 84.18 104.94 28.66 5118 35.07 56.66 32.89 
a 	b c axb bxa cxa axbxc a 	'19 c axh bxa cxa a-bxc 
SEzm 





































CD of 17. .443 	627 .443 887 .627 .887 1.25 .611 4.69 .641 1.282 .906 1282 1.813 2,709 3.87 1.33 3.441 2.67 
CI' 2.19 .952 5.411 4.27 2.147 3.166 5.11 
a= Metal, b= Concentration, ct Days, ab= fetal x Coticenuration, b4°C0neentratien a Metal, ca' Days x Metal, abc= Metal r Concentration r Days 
Values are mean of three replicates where each replicate constituted three plants, pot 
In this table, value O.5x of metal concentration indicate half, l .0t indicate normal and ?.Ox indicate double values of metal, symbol 
indicate, Cr for chromium 
196 
Table (41): Effect of three concentrations of Cr (VI) on growth and nodulation of pigeonpea plants grown in soil inoculated with 
and without BP7 Bacillus sp. 
































Uninoculatcd Control 28.38 46.33 2726 
OSt 26.06 30.31 74.39 8807 16.66 29 21 18,19 41.66 25.56 
1.01 20.79 25.31 67.83 7784 8.33 19.21 14.23 32.33 24.11 
2A► 13.32 20.64 54.85 6530 6.66 11.19 111 .5 23.66 12,39 
Inoculotcd Control t 	34.07 39.31 82.50 103.53 30.66 49.37 34.26 55.66 29.60 
03► 34.90 40.87 84.70 105.60 34.33 52.46 34.92 58.00 31,54 
IA► 35.57 41.54 84.93 105.78 34.33 52.43 35.99 58.66 10.41 
2As 36.69 42.72 85.64 106.14 35.66 52.37 36.42 59.66 33,45 
a b c a«b bxa cxa axbxc a b c ash ha 	cxa axbxc 
SE4m .134 .190 
.529 
.134 	269 
P4 	 48 
.190 269 .381 .167 .236 .167 .335 .236 	.335 ,473 .656 
I'll 
1.00 .186 .790 ,190 
CD at 51", 374 529 148 LOSS 464 656 464 .928 •b5b 	.928 1.313 3.01 ,559 2t 3,99 
CD at l% 32.7M x.86 	.S95 154 .891 L095 .652 .923 .652 1.305 ,923H.35 4t 278 4.16 .770 3.3(1 2,89 
CS , 2.076 .963 4 81 4.48 121 2.94 5.65 
a= Metal, b= Concentration, c- Days, ab= Metal x Concentraliuit ba=Cunccntration x Metal, ca - Dais x Metal. abc= Metals Concentration x Days 
Values are mean of three replicates where each replicate constituted three plants pot 
In this table, value 0,5x of metal concentration indicate half. l Ox indicate normal and 2.Ox indicate double values of metal, 
symbol indicate Cr for chromium 
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■ colons • xize (mm► 	■ zone of solabiiization (mm) 
Fig. (ii): Soluhiliration of Tricalcium phosphate by rhiiospheric microorganism 
on solid Pikovskaya's plate 
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Fig. (14A): Solubilization of Tricalcium phosphate by rhizospheric 









N - - N - - N ^ - 
PM6 	RC3 	BP7 	AC2 
• colony size (mm) 
• zone of solubilization 
(mm) 
Fig. (14B): Solubilization of Tricalcium phosphate by rhizospheric 
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Fig. (14C): Solubilization of Tricalcium phosphate by rhizospheric 
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Fig. (14D): Solubilization of Tricalcium phosphate by rhizospheric 
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PM6 	KC3 	BP7 	AC2  
Fig. (15A): Phosphate solubilization index of bacterial isolates in the presence of 
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Fig. (1 SB): Phosphate solubiliiation index of bacterial isolates in the presence of 
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Fig. (15C): Phosphate solubilization index of bacterial isolates in the presence of 
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Fig. (151)): Phosphate solubilization index of bacterial isolates in the presence of 
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PM6 	RC3 	BP7 	AC2 
Fig. (16A): Phosphate solubilization efficiency of bacterial isolates in the presence of 
different concentrations of Cr (IV) 
90 
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EFFICIENCY 
Fig. (16B): Phosphate solubilization efficiency of bacterial isolates in the presence of 











PM6 	RC3 	BP7 	A('2 
Fig. (16('): Phosphate solubilization efficiency of bacterial isolates in the presence of 
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g. (161)): Phosphate solubilization efficiency of bacterial isolates in the presence of 
different concentrations of zinc 
I.4 
(A)-Fermentation characteristics of PGPR (B)- Hydrogen cyanide production by 
PGPR on glycine amended medium 
(a) Negative (b) Positive 
(C)-PGI'R ,,ho,,ss citrate utilization on Simmon's citrate agar 
(1))- Starch hydrolysis b PGPR strains 	 (F)- Lipid hydrolysis by PGPR strains 
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Atomic Absorption analysis of agricultural soil irrigated with wastewater revealed the 
presence of several heavy metals some of which are considered to he toxic to the 
biological systems (Brookes & Mc Grath., 1984; Majid Sa'idi, 2010). The levels of 
Cd were found to be highest in almost all the sampling sites. Cadmium is considered 
as a potential toxin that is principally dispersed in natural and agricultural 
environments through anthropogenic sources. The rhizospheric soil irrigated with 
industrial wastewater contained high levels of Fe, Cr, Zn, Ni, Cd and Cu as compared 
with the levels of these metals at the unpolluted site (control). This may be due to the 
presence of large number of lock manufacturing and metal electroplating industries in 
the vicinity of the test sampling sites. The industrial effluents at Aligarh actually 
contain quite large amount of heavy metal. High concentrations of heavy metals have 
been observed in soil samples as compared to wastewater samples from industrial 
effluents. The levels of heavy metals in the present study is slightly higher than those 
reported by Ajmal et al. (1980). It may be because of the fact that the determination of 
soil pollution in the downstream area of the landfill, in relation to changes in soil 
chemical characteristics and heavy metals concentrations reported by (Marzieh et al., 
2010). Moreover, simply reflects the increasing levels of heavy metal accumulation in 
the soil. A relatively high concentration of heavy metals present in the soils might be 
due to the application of industrial wastewater to soil for irrigation purpose which is 
the most economical option for disposal of waste water such as industrial effluent and 
sewage sludge in our country (India). The total microbial count was found to be 
highest in the control samples (ground water) irrigated soil as compared to the test soil 
samples. Heavy metals, at higher concentrations, showed profound effect upon the 
general soil microbial community (Anyan u etal., 201 1). This might be due to toxic 
effect of metals on the soil micro-organisms (Tyler, 1981). 
Diversity of microbes in polluted and conventional soils: 
Microbial diversity in general and PGPR in particular, forms an important component 
of soil and help in predicting the changes in soil environment, as they affect physico-
chemical properties of soil. Microbes are involved in many soil process including 
decomposition, nutrient mobilization and mineralization, release of nutrients, nitrogen 
fixation, phosphate solubilization, denitrification, bioremediation and suppressing soil 
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borne phytopathogens (Ahmad et al., 2008; Maliha et al., 2004). Microorganisms in 
soils are greatly influenced by the physico-chemical properties of soil such as root 
exudates, pH, organic matter and temperature (Burdman et al., 2001) and 
concentration of pollutants. However, microbial diversity varies from soil to soil 
including polluted and conventional soils. In polluted soils, contamination with heavy 
metals such as cadmium 13.24pg/g, lead 105.7.g/g, chromium 30.26mg/g etc. has 
been found to reduce the total microbial community and structure and consequently 
the activities of microorganisms (Khan & Scullion, 2002; Giller et al., 1998). The 
microbial diversity in both metal stressed and conventional soils can be assessed using 
the culture based methods and the signature hiomarkers (Culture independent 
technique) such as nucleic acids and fatty acids. "I he culture independent techniques 
made studies are related to their identification and determination of the potentials, 
they posses. However, these techniques are cost effective and require considerable 
skills for interpretation of results. Therefore the identification of microbes using 
physiological and biochemical tests are performed on routine basis (Garbeva et al., 
2004). Though, culture dependent techniques are limited for studies on the 
composition of natural microbial communities in soil when used alone, they help in 
understanding the growth characteristics, functional diversity and potential ecological 
behavior and micro-organisms (Kozdraj & Van Elsas, 2001). 
In the present study, viable counts of bacteria, fungi and phosphate solubilizers 
inhabiting metal contaminated soils of Mathura road (Si) and non-polluted soils of 
Faculty of Agricultural sciences, A'vMU, Aligarh (S2) was determined. A significantly 
higher microbial diversity in the non-polluted soils of chickpea, pigeonpea and 
cabbage (S I) was observed as compared to the polluted rhizospheric soils of 
chickpea, pigeonpea and tnungbean (S2). Similarly, the pollution density of bacteria, 
fungi, and actinomycetes recovered from metal contaminated soils (S 1) differed 
considerably with S2 surveyed fields. Generally the microbial populations were 
greater in the soil samples collected from (S2), compared to those observed in S 1 site. 
In general the microbial populations in S 1 were less compared to S2 site which could 
possibly be due to the presence high amount of different heavy metals, which in turn 
might have adversely affected the growth, morphology and activities of 
microorganisms. Similar findings have been made by Khan & Scullion, (2002) and 
Baath et al., (1998). These metals exert a selective pressure on the organisms, 
resulting in microbial populations with higher tolerance of metals, but with lower 
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diversity (Baath et al.. 1998). These finding are also in agreement to those of Abou-
Shanab cat al.. (2005). who also observed a population of 1 N 107 CFUi"g of bacteria in 
the rhizosphere of Diplachncj%usca. Reduction in the nitrogen fixing bacteria at 
elevated concentration of metals has also been reported (Broos cat al., 2005). However, 
this study, suggests that the microbes were able to survive even under the metal 
contaminated soils. 
In this study, a total strains of each of Mesorhizobium and Rhizobium and 
Rradvrhi obiurn and strains of phosphate soluhilizers collected from nodules of 
chickpea, pigeonpea and mungbean, grown in different soils of district Aligarh, were 
selected and identified using morphological and biochemical tests. Based on the 
physiological and biochemical properties, the isolates were broadly grouped as Gram 
positive and Gram negative bacteria with rod shape appearance. The Gram positive 
strains were presumptively identified as Bacillus, while Gram negative rods, as 
Pseudonionas, Rhi obium and Azotobactcr• strains. 
Rhizobacteria are plant associated bacteria that are able to colonize plant roots and 
can exert beneficial, deleterious or neutral effects on plant growth. Moreover, 
beneficial rhizobacteria capable to stimulating plant growth by aggressively 
colonizing plant roots have generally been referred to as plant growth promoting 
rhizobacteria (PGPR). Therefore, the plant growth promoting rhizobacteria belonging 
to the phosphate solubilizing and nitrogen fixing groups were isolated and evaluated 
for their diversity in terms of plant growth promoting activities in order to explore 
these PGPR for the growth promotion. Through, the mechanism by which the PGPR 
augment plant growth is not fully understood, yet they are believed to promote the 
growth of plants by numerous mechanisms, which may act directly or indirectly 
(Antou & Prevost, 2005) and consequently affect the development of crop plants. In 
addition to their growth regulating properties, the PGPR must also possess the ability 
to compete with other soil microflora and colonize and establish themselves in the 
rhizosphere. Therefore, before PGPR are selected for pot/fields trials, they must be 
evaluated for their PGP activities under in vitro conditions. 
Cyanide is a secondary metabolic secreted by several microorganisms. It can be 
produced directly from glycine and from cyanogenic glycosides (Knowles 1976). 
Both of these compounds have been found in root exudates (Curl and Truelove, 
1985). Rhizobacteria protect the growing plants from pathogen attack by directly 
killing pathogens by producing HCN (King et al. 2010). 
200 
The ammonia releases by rhizobacterial strain plays a significant role in the 
interaction between rhizobacteria and plants and also increase the glutamine 
synthctase activity. 
Iron competition in Pseudomonas has been intensively studied and the role of the 
pyoverdin siderohpore produced by many Pseudomonas species has been clearly 
demonstrated in the control of Fusariu,n species (Loper & Buyer, 1991). Earlier 
studies demonstrated that fluorescent Pseudomonas and Bacillus produced catechol 
type of siderophores (Pal et al., 2001; Wani et al., 2007b). 
The organisms capable of solubilizing inorganic phosphate are often termed as 
phosphate solubilizing microorganisms. Among different nutrients essential to plants, 
deficiency of soil P is one of the most important aspects that limit the growth and 
development of plants. Acidification due to low molecular weight organic acids 
released by soil microorganisms degradation of complex organic molecules is a major 
mechanism of mineral P solubilization (Khan et at., 2007; Zaidi et al., 2009). 
Accordingly, inoculation of phosphate solubilizing microorganism in soils has been 
reported to enhance P availability and subsequently the crop yields (Hameeda et al., 
2008; Linu et al., 2009). 
The PGPR were further evaluated for their phosphate solubilizing potential, on solid 
Pikovskaya medium. Of the total isolates (N=28), 50% of the PGPR strains showed 
the phosphate solubilizing activity as detected by the formation of clear halo around 
their growth on Pikovskaya agar plate. In our study, Pseudornonas strains PC3, PC5, 
PM6, and PCM 10, Azotobacter strains AP8 and ACM4 prodeced clear zone (> l Omm) 
of phosphate solubilization on Pikovskaya plates supplemented with tri-calcium 
phosphate, whereas zone size produced by Bacillus, and rhizobium isolates was less 
than 10mm in size. Similar evidence of P solubilization have been reported by others 
(Kang et al., 2002: Pradhan & Shukla, 2005). The zone of P-solubilization on 
Pikovskaya agar plates ranged in general between 4mm (RC3 and RM8) to 12mm 
(PC5). Generally, the P-solubilization by microbes is impacted by the synthesis of 
organic acids. Some of the common organic acid released by PGPR includes gluconic, 
citric. oxalic, tartaric, succinic and u-ketobutric acid. The variation in the PS activity 
of the isolates couls he due to the ditfcrences in the rate of agar diffusion (Johnston, 
1952) or variation in the release of organic acids (Maliha et al., 2004). These organic 
acids either directly dissolve the mineral phosphate as a result of anion exchange by 
acid anion or chelate both Fe and Al ions associated with P (Omar, 1998; Nelson, 
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2007). In addition the solubilization index (SI) for all bacterial strains ranged between 
2.2 (RM4, RCM3 and RCM5) to (BM2). while solubilisation efficiency of isolated 
bacterial strains varied between 50 (BM2) to 80 (RC6. RM4 and RCM5). From the 
present study, it was observed that Rhisobium was the highly efficient phosphate 
solubilizers followed by Bacillus and : l:otohactc'r. 
Generally, the production of ammonia, 1-ICN and IAA were the most prominent PGP 
traits of the selected PGPR strains in this study. Similar reports on the production of 
plant growth promoting substances by plant growth promoting rhizobacterial strains 
including nitrogen fixers like Rhi:obittnt (Deshwal et al., 2003; Ahmad et al., 2008) 
Bacillus (Perveen et cit.. 2002; Zaidi et al., 2006; Ahmad et al., 2008), Pseudomotuis 
(Gupta cat al., 2005: Rajkumar etal.. 2006), .,Notobacter (Verma etal., 2001; Ahmad 
ct al., 2005) and other bacteria (V ivas et al., 2006, Sheng R. Xia, 2006) was reported. 
Functional diversity among Plant Growth Promoting Rhizobacteria: 
Generally. PGPR including N,-fixing bacteria promote plant growth by providing 
phytohormones to the plants, besides providing plants with essential nutrients. In 
addition they can also reduce the toxicity of heavy metals in soil contaminated with 
metals, and consequently, promote the growth of legumes cultivated in metal polluted 
sites. Plant growth promoting activities of PGPR were, therefore further assessed. 
Among the phytohonnones. indole acetic acid (IAA) and its analogue is the primary 
auxin in most plants. which is synthesized form tryptophan, primarily in leaf 
primordial young leaves and developing seeds. IAA plays an important role in the 
development of roots including initiation, cell enlargement and cell division ((lick, 
1995). In the present study of the total 28 bacterial strains screened for IAA 
production. The strains of Mesorhi obiunt, Rhi ohitun and Bradyrhizobitun isolated 
from chickpea pigeonpea and mungbean (N=8) and total of 10 phosphate solubilizers, 
Bacillus and Pseudomonas (N=1 1) produce a substantial amount of IAA during 24 h 
of growth in LB broth supplemented with different concentration of tryptophan. 
Generally, the amounts of IAA increased consistently with increase in tryptophan 
concentration. In comparing the effect of various concentration of tryptophan on IAA 
synthesis by the PGPR strains, it was found that 200pg,/ml tryptophan showed a 
substantial increase (by .tlesorhi_obitutt sp. RC3) (Rhi:ohitun RP2) specific to 
pigeonpea (Bacillus sp. BP7) and (Pseudo,nonas sp. Ptit6) and (.4-. otobacter sp. AC2) 
in IAA over 50 and 200µg"m1 of trvptophan. respectively. Similer evidence of lAA 
202 
production by the rhizospheric microorganisms has been reported (Wani et al., 2005; 
Sridevi et al.. 2007, Ahmad et al., 2009). 
Antifungal activity 
Of the phytopathogens. Aspergillus was inhibited maximally by the (75%) bacterial 
isolates followed by Alternaria (71°,'0) and Fuasarium (64%). It was observed that all 
Bacillus strains showed antagonism against Aspergillus spp. and Alternaria spp., 
while all Pseudomonas spp. inhibited Aspergillus growth on PDA. These findings are 
supported by Berg et al., (1998), who also found that Pseudomonas and Bacillus were 
inhibitory to phytopathogens. Biocontrol activity of Bacillus subtilis and P. 
fluorescens were reported by Dalla (1986), who proposed that organic acid produced 
by these microorganisms may inhibit fungal infection but other metabolites could also 
be involved. 
Tolerance of heavy metals by Plant Growth Promoting Rhizobacteria: 
Long term metal deposition into soil results in high metal concentrations, which in 
turn affect negatively the soil microflora (Mastuda et al., 2002). Heavy metals 
generally exert inhibitory action on micro-organisms by blocking essential functional 
groups or modifying the active conformations of biological molecules. However, at 
low concentrations, metals (e.g. cobalt, copper and zinc) are essential for micro-
organisms, since they provide vital cofactors for metalloproteins and enzymes (Nies, 
1999). In natural environment, metal-microbe interaction is complex and is influenced 
by several edaphic factors, such as pH or organic matter content (Saeki et al., 2002). 
The ability to grow even at high metal concentration is however, found in many 
PGPR including symbiotic nitrogen fixing bacteria (Lakzian et al., 2002) and may be 
the result of intrinsic or induced mechanism (Giller et al., 1998). Tolerance may be 
defined as the ability to cope with metal toxicity by means of intrinsic or induced 
properties of the microorganisms while resistance is the ability of microbes to survive 
in higher concentrations of toxic metals by detoxification mechanisms, activated in 
direct response to the presence of heavy metals (Ledin, 2000). There are reports that 
have shown high level tolerance to heavy metals by rhiobia. Conflicting reports are, 
however, available in the literature on the tolerance level of rhizobia, which could 
possibly be due to the variation in the tolerance ability of Rhizobia, age of the culture, 
growth conditions employed or metal concentration and their speciation. For instance, 
Rhi:obium leguminosarum isolated from metal contaminated soil, tolerated 92.9µM 
of zinc (Delonme et al., 2003) while Rhi obium species isolated from nodules of 
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-1'ri/olium rcpense tolerated 300 mg/kg nickel and showed an effective symbiosis with 
its legume host, when grown in nickel amended soils (Smith & Giller. 1992). 
In the present study tolerance level of the PGPR strains to the varying concentration 
of cadmium, chromium. nickel, lead and zinc was studied under in vitro conditions. 
When analyzing metal tolerance in different isolates, the progressive increase in metal 
concentration was chosen, that the isolate could tolerate rather than the soil 
concentrations. This was made in order to identify the bacterial strains with high 
tolerance to heavy metals which could later on be exploited for their application under 
metal contaminated soils. Among the nitrogen fixers, Rhizobium strain (RP2) isolated 
from pigeonpea nodules, showed a higher tolerance to cadmium, chromium, and 
nickel 450 (.tg'ml) lead 350 (pig'ml) zinc 750 (jig/ml)). Mesorhi=ohitrm isolated from 
chickpea nodules, displayed a high tolerance towards. Similarly, A'Iesorhi:obiun, 
strain (RC3) showed a high tolerance to cadmium, chromium nickel and lead at 450 
((pg'ml)) and at 550 ((µg/ml)) to zinc. 
On the other hand, the strains of' phosphate solubilizers Bacillus strain BC5, and BP7 
showed significantly greater tolerance to majority of the tested metals. In accordance 
to these findings, other workers, also found bacteria, showing resistance to heavy 
metals. For instance, nickel and zinc tolerance by Rhi.obium legumisorum biovar 
trifblii isolated from sewage sludge treated soil was reported by (Purchase & Miles., 
2001), who observed a metal tolerance of 0.24mM-0.26mM Ni`` and 6.0-8.0 mM 
Zn2 '. Similarly, metal tolerance by Rhi:obium. Bradyrhizobium, and A=otobactor 
(Pajuelo et al., 2007) and varying level of resistance among other PGPR (Bacillus and 
Pseudomonas) have also been reported (Yilmaz., 2003; Thacker et al., 2007., Wasi et 
al.. 2008). Similarly variation in the MRLs of R. leguminosarum biovar viciac 
subjected to different concentration of zinc, lead, cadmium, nickel and chromium is 
reported (Pereira et al., 2006). The metal resistance among the PGPR strains as 
observed in this study could be plasmid encoded or chromosome mediated or via 
other mechanisms such as biosorption or bioaccumulation etc. (Nies, 1999; Yilmaz, 
2003). In other study, metal resistance by 112 strains or grain negative Pseudontonas 
was also reported by (Anisimova et al..1993), who found a metal resistance of 1-
10mM for Nit ' and 1-6mM for Zn2 . Conflicting report are however, available in the 
literature on the resistance level of bacteria. For instance Pseudomonas strain CRB5 
was tolerant to 550.tglml of chromate (Mc Lean & Beveridge, 2001) while a Gram 
positive Bacillus sphaericus isolated from serpentine soil was tolerant to 800.tg/ml Cr 
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(VI), as reported by (Wang et al., 1990). The variation in the ability of PGPR to 
tolerate different levels of metals could possibly be due to the differences in the types 
of media used and growth conditions employed (Rajkumar et al., 2005) although the 
molecular basis for the observed difference is not clear. Our study however, showed 
that the resistance level of the PGPR (Nfesorhizobium RC3, Rhizobium RP2) and 
Bacillus (BC5 and BP7) was considerably high. 
Plant growth promoting activities under metal stress: 
Cyanide and ammonia are the other metabolites produced by several plant growth 
promoting rhizobacterial strains directly from glycine and cyanogenic glycosides, 
both of which have been demonstrated in root exudates. Cyanide is produced by many 
micro-organisms and plays an important role in biological control of pathogens (Bano 
et al.. 2003). The ammonia released by the bacterial strain is known to increase the 
glutamine synthetase activity (Chitra et al., 2002). In addition ammonia transports to 
be involved in the reabsorption of NH4* released as a consequence of NH3 diffusion 
through the bacterial membrane (Van Dommelen cat al.. 1997). Therefore the synthesis 
of HCN and ammonia by the PGPR strains was tested under both metal free and metal 
supplemented media. The present study is in agreement to the findings of others 
(Bano et al; 2003; Dcshwal et a!; 2003). 
In the aerobic environment, iron occurs principally as Fe;+ and in likely to form 
insoluble hydroxides and oyhydroxides, thus making it generally inaccessible to 
microorganisms. To acquire sufficient iron, the most common strategy adopted by 
bacteria is the secretion of siderophores, low-molecular mass iron chelators with high 
associationconstants for compleing iron. Thus, siderohpores act as solubilizing agents 
for iron from minerals or organic compounds under conditions of iron limitation 
(Miethke & Marahiel 2007). Siderophore is another important metabolic released by 
the PGPR that indirectly affects the growth of plants. In the present study, Bacillus 
strain (BP7), Pseudonionas (PM6), Rhizobium, (RC3) and Azotobacter (AC2), all 
produced siderophore with free concentration of chromium, nickel, lead and zinc. 
Generally, the PGPR strains showed siderophore activity on metal amended tubes. 
The intensity was reduced at higher concentration of metals at 200pg/ml of chromium 
and nickel and at 750pg/ml of lead and zinc in selected strains of Pseudomonas 
(PM6), Rhizobium (RC3), Bacillus (BP7) and Azotobacter (AC2). It is assumed that 
siderophore released by the PGPR strains in rhizosphere bind to the available form of 
Fe3- and make iron unavailable to the phytopathogens, leading to an increase in plant 
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health. Moreover microbial siderphores are used in iron chelating agents that can 
regulate the availability of iron in the plant rhizosphere (Loper and Henkles, 1999). It 
has been found that competition for iron in rhizosphere is controlled by the affinity of 
microbial siderophores, but plant requires a lower iron concentration for normal 
growth than microbes. Similar evidence on both qualitative and quantitative 
production of siderophore by Pseudomonas (Rajkumar et al., 2006; Sharma et al; 
2003; Gupta et al., 2005), Rhizobium and Bradyrhizobium (Noordhman et al., 2006, 
Tank and Saraf, 2003), Bacillus (Sheng and Xia, 2006) and Kenynera ascorbata 
(Burl et al., 2000) is reported. 
The rhizospheric bacteria when tested on Pikovskaya agar plates in this study affected 
by heavy metals due to the increased toxicity of the metal at higher concentrations. 
Trivedi et al., 2007, reported that, the PGP avtivity of the bacteria] strains decreased 
by increasing the amount of Crb` in the quantification medium. This might be due to 
the increased toxicity of the metal at higher concentrations. The presence of beneficial 
plant growth traits at Cr6+ concentration of 300 mg F' at lower temperature proves the 
novelty of the particular strain. Therefore the PGP activities of metal tolerant strains 
in the presence of certain metals were assessed further. The effect of the three 
concentrations each of Cr, Ni, Pb and Zn on IAA production was determined in LB 
broth supplemeted with, 50, 100 and I50pgjml tryptophan. The strains of 
Mesorhizobium'Rhizobia, and Bacillus, Pseudomonas and Azotobacter produced a 
substantial amount of IAA in the presence of heavy metals. Generally, the production 
of JAA by the plant growth promoting rhizobacterial strains decreased progressively 
with increase in metal concentration. Like the effect of tryptophan on IAA synthesis 
by the bacterial strains in untreated LB broth, the strains also showed a consistent 
increase in the IAA production which increased with increasing rates of tryptophan, 
even in the presence of metal. The production of IAA by the plant growth promoting 
rhizobacterial strains in this study indicated that the selected strains utilized 
tryptophan as precursor for growth and the IAA production was not adversely affected 
under metal stress. Similar evidence of phytohormone production by Mesorhizohium 
(Ahmad et al., 2008), Bradyrhizobium and Rhizobium (Antoun et al., 1998) Bacillus 
and Pseudomonas ( Rajkumar et al., 2006; Shaharoona et al., 2006) and Azotobacter 
(Venna et al., 200]; Alunad el al., 2008) is reported. 
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Tolerance of antibiotics by Plant Growth Promoting Rhizobacteria: 
The variation in antibiotic resistance profile of the PGPR could be due to several 
reasons. Chief among these could be the different sensitivities of the PGPR to 
antibiotics. Alternatively, it is also possible that the isolated PGPR lose or gain 
antibiotic resistant maker while growing in different culture media at different 
temperature. Similar studies reported by (Yasmin et al., 2009) she reported that the 
intrinsic antibiotic test showed that all isolates were resistant against Chloramphenicol 
(10 and 30 tg mL Streptomycin (10 pg mL). Kanamycin (5 and 30 pg mL-'), 
Penicillin (10 tg mL- ') and Tetracyclin (30 pg mL:'). 
Furthermore, the increase in use of antibiotics in health care as well as in agriculture, 
is in turn contributing to the growing problems of antibiotic resistant bacteria. 
Products such as heavy metals used in industry along with antibiotics create a 
selective pressure in the environment that consequently leads to the mutation in 
organism that will allow them better to survive and multiply. Clustering of genes of 
plasmid, are beneficial to the survival of that organism and its species because those 
genes are more likely to be transferred together in the event of conjugation. Thus, is 
an environment with multiple stresses, ti)r example antibiotics and heavy metals, it 
would be more ecologically favourable in terms of survival for a bacterium to acquire 
resistance to both stresses. If the resistance is plasmid mediated, bacteria which would 
then have a better chance of survival. With these considerations, the antibiotic 
resistance among PGPR was studied which differed from antibiotic to antibiotic for 
all the PGPR strains. Multiple antibiotic resistance shown by PGPR strains (e.g. 
.tlesorhi:obium) and might be associated with a high degree of tolerance to metals. In 
many studies, metal tolerance and antibiotic resistance have been reported (Yilmaz, 
2003; Verma et al., 2001). It has been suggested that under environmental conditions 
of metal stress, metal and antibiotic resistant microorganisms will adapt faster by the 
spread of R-factors than by mutation and natural selection (Silver & Misra, 198x). 
Similar observations on antibiotic resistance by PGPR strains have been reported 
(Thacker et al., 2007). The variation in the resistance to many tested antibacterial 
drugs (antibiotics) may possibly be due to the differences in the growth conditions 
and exposure of PGPR to stress conditions on toxic substances as well as presence 
and absence of resistance mechanisms that could be encoded either by chromosome 
and or -R Plasmid (Spain & Alm. 2003). 
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Metals toxicity to legumes: 
Heavy metals such as, lead, mercury. arsenic, cadmium, zinc and nickel causing 
pollution of the biosphere has increased dramatically since the beginning of the 
industrial revolution after discharge from various sources, metals accumulate into 
soils to the extent that may affect the soil fertility and crop productivity. The toxicity 
of the heavy metals varies with the genotype and age of plants (Shaw & Rout, 2002) 
and also depend on the physiochemical properties of soil, root exudates and 
concentration of metals in the soil. The elevated concentrations of heavy metals in 
soil, however, adversely affect the different metabolic activities of plants, leading 
there by to the decrease in overall growth of the plants including legumes. Toxicity 
may result in binding of metals to sulphydryl groups of proteins, leading to an 
inhibition of activity or disruption of protein structure (Das et al., 1997). With these 
considerations, the phytotoxic effect of three concentration of cadmium, chromium, 
nickel, lead. and zinc for chickpea and pigeonpea Were evaluated under pot house 
trials. These metals were used both alone and in combination for each legume crop 
separately. 
The nodulation of chickpea & pigeonpea plants through their host specific rhizobial 
partner is an important aspect of legume-Rhizobium symbiosis that provide nitrogen 
to the legume plants. The effect of metals on symbiosis varied greatly with the types 
and concentration of metals as well as age of plants, grown either in the absence & 
presence of metals. The proper development of function of nodules & N, fixation 
appear to be hindered by the metal application (Broos et al., 2004; 2005). Legume 
plants grown in metal amended soil had considerably a lower nitrogen content in roots 
and shoots, compared to control plants. The nitrogen content was lessening roots, 
compared to shoots. Similar observations were also observed by (Chaudri et al., 2000) 
for field grown pea raised in soil amended with zinc and chromium. In contrast, plant 
grown in the presence of bio inoculated considerably increased the nitrogen content 
under the stress of each metal. In the present study, chickpea & pigeonpea plants grow 
in sandy clay loam soil were treated separately with three concentration of Zn, Ni, Ph, 
Cd and Cr (Chickpea & Pigeonpea) had fewer nodules at 60, 90 and 135 DAS (For 
chickpea) 60, 80 and 110. DAS (For pigeonpea) compared to control. The reduction 
in the number of nodule is possibly due to the direct toxic effect of these metals either 
on the root hairs or Rhi:obia, as observed in Zn & Cd treated alfalfa plants (Ibekure et 
al., 1996). Damage to the root system as a result of metal toxicity is supposed to be 
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the reason for the lack of proper nodule formation, similar trends were also found in 
the present study. 
Roane & Kellogg, (1996) in a study of lead resistance in soil communities soils, has 
also observed increasing resistance with increasing metal concentration. However, 
there are several possible explanations for these effects-a) one or more of the metals 
present might have prevented the formation of eftectively N2 fixing nodules by active 
Rhizobium strains present in the soil (Giller et al., 1993) or b) the metal application 
might have resulted in the elimination of effective Rhizobium strains from the soil 
(Broos et al., 2004) as a result, indirectly affected the N2 fixation (Chaudri et al., 
2000). (Gillen et a)., 1998) also concluded that clover Rhizobia are more sensitive to 
the toxic effects of heavy metals than are their host plant. The toxic effect of heavy 
metals on N2 fixation is according to Gilley etal.. 1998, due to toxicity to Rhizobia in 
the soil, which results in their gradual extinction. The important role of the 
legheamoglobin in the nodule suggests that changes in its concentration could affect 
the entire system of nitrogen fixation. The leghaemoglobin, an iron containing protein 
which binds to oxygen is an indicator of nodule activity. The leghaemoglobin 
facilitates the oxygen diffusion throughout the interior of the nodule, while bacteroids 
require oxygen to maintain metabolic function. In this experiment, the nodules on the 
root system of chickpea plant raised in soil treated with metals had considerably a 
lower concentration of leghaemoglobin. Levels of leghaemoglobin in multiple 
combinations were significantly decreased compared either with un-treated control or 
single metal treatments. Since chromium for chickpea had least effect, it was expected 
that nodules in the presence of these metals could contain leghaemoglobin at levels 
greater than the control. This finding thus suggested that the leghaemoglobin was not 
the target of the leghaemoglobin at levels greater than the control. The effect of 
cadmium on the seeds (Cicer arieilnum L.) decreases the legrnacmoglobin content 
with increasing concentration of cadmium (Elasan et al., 2007). This finding thus 
suggested that the leghaemoglobin was not the target of the Cr for chickpea. 
Comparable observations on the effect of Cd, Ni, Cu, Zn on soybean nodules has been 
reported, (Stephen & Giliden saul, 1978). Similarly, adverse effect of heavy metals on 
the synthesis of leghaemoglobin and reduction in the m[rogeiase activity is reported 
(Skujinseral„ 1986). 
Chlorophyll is the most important photosynthetic pigment which plays an important 
role in converting light energy into chemical energy chlorophyll molecule, has a 
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cyclic tctrapyrolic structure (Porpyrin) with an isocyclic ring containing ring 
containing a magnesium atone at its centre and a phytol chain attached to it. Bearing 
the significant of this pigment in mind, the effect of different metals on the 
chlorophyll content of fresh foliage of chickpea and pigeonpea grown in metal treated 
soil was determined at different stages of legume growth. 
From these investigations, it was evident that the photosynthetic apparatus were very 
sensitive to the toxicity to heavy metals. However, the metal induced changes in 
chlorophyll synthesis in two legumes were types and metal concentration and age 
legume genotype dependent. It is generally believed that the heavy metals react with 
the photosynthetic apparatus at various levels of organization and architecture leading 
to (i) accumulation of metals in leaves (ii) metal interaction with cytosolic enzymes 
and organics (iii) alternation of the functions of chloroplast membrane and (iv) supra 
molecular level action particularly on PS 1. PS2 membrane acyl liquids and carrier 
proteins in vascular tissues (Prasad, 1999). In these studies, Cd might have affected 
the biosynthesis of chlorophyll more in mature leaves having properly organized inner 
membrane than in younger developing leaves. Similar reduction in chlorophyll 
content following metal application for different plant species has been reported 
(Mysliwa-Kurdzies & Strzatka, 2002a: Bibi & Husaain, 2005). In addition, the 
reduction in the chlorophyll content following the heavy metal applications could be 
due to the inhibition of the whole photosynthetic electron transport chain, as also 
observed in other higher plants (Yruela (1 al., 1993). Indeed the metals lead to the 
formation of hydrogen peroxide and superoxide radical, whose production might have 
declined the photosynthetic rates and accounted for decrease in chlorophyll 
biosynthesis. A similar reduction in chlorophyll content in Phavolus aureus exposed 
to Cd has been reported due to the generation of 02 (Shaw and Rout 2000). 
Additionally, the enzymes of photosynthetic carbon reduction (PC R) cycle, such as 
Rubisco. 3-PGA kinase, NADP, NAD-Glyceraldehyde-3-P-dehydrogenase and aldose 
have also been found to be inversely affected by Cd and Ni (Sheoran et al., 1990a). In 
comparison, the other metals (e.g. Pb and Cr for chickpea and Pigeonpea) stimulated 
the synthesis of chlorophyll content, as also reported by Tripathi et al., (2005), who 
showed that the bioinoculant Pseudomonas putida KNP4 improved the chlorophyll 
content of mungbean, when they were grown in Cd amended soil. The biosynthesis of 
chlorophyll affects the overall growth of legume including the symbiotic properties of 
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cat al.. 2008) and legumes in association with different species of rhizobia and other 
PGPR strains are receiving greater attention for their application and use in the 
remediation of metal contaminated soils (Ike et al., 2007). Bioremediation depends on 
the presence of the sufficient number of variable organism and the proper conditions 
suitable for their growth. In this context, metal tolerant strains of Mcsorhi-obimm 
RC3, Rhizobiunr RP2 and phosphate solubilising bacteria Bacillus BC5, BP7 
possessing the ability, of phytohormone production, to tolerate high concentration of 
metal ions and to form function symbiosis (only N-, fixers) with their respective 
legume host plants were used to evaluate their bioremediation potential using their 
specific legume host grown in soils treated with Cr (for chick pea and pigeon pea). in 
this experiment chickpea and pigeon pea grow poorly when soil was treated with 
different concentrations of heavy metals single or combination for chickpea and 
pigeon pea for reasons explained earlier. 
Generally, though, with increase in metal concentration, there was decrease in the 
measured parameters even in the inoculated legumes, but there parameters of 
inoculated legumes even at the highest dose of each metal, compared to the un-
inoculated plants grown with the same highest rates of each individual metal. The 
highly metal tolerant and symbiotically effective strains of Mesorhi_obiwn (RC3). 
phosphate solubilizer (BC5. BP7) and Rhizobium (RP2) substantially increased the 
measured parameters of their respective host plants, compared to un- inoculated but 
metal treated control plants. Similarly, the improved symbiotic relationship expressed 
in term of nodulation on the respective legume host in metal amended soil suggested 
the establishment of rhizobial species and its ability to form functional nodules on 
legumes even in the presence of heavy metal. However, the development of nodules 
on the root system at un-inoculated or inoculated with metal tolerant a Ie.s•orbi.:obin»r 
(RC3), Rhizobiun: (RP2), Bacillus BC5, BP7 legumes suggested that the nodules 
might have been produced by some indigenous rhizoibial population, because soil 
used in this study was non-sterilized. 
PGPR including N2 fixers can affect plant development either indirectly by 
cirumventing the toxic effect of metals or directly by synthesizing the plant growth 
regulating substances. Moreover, the phytohonnone is reported to reduce the effect of 
high concentration of certain metals (e.g. Cd) on the growth of non-inoculated 
soybean plants (Ghorbanli cal al., 1999). Inoculation of metal tolerant and 
phytohormone producing strains augmented the growth of the legumes when the 
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bacterial strains ((RC3. RP2. BC5 and BP7) were applied as seed inoculants in metal 
amended soil. The study consolidated the fact the selected strains possesses metal 
reducing/tolerant ability which in turn might have provided the protection to legume 
plants against the inhibitory effects of each metal (Faisal & Hasnain. 2006). 
Furthermore, the siderophore and IAA producing ability of these strains might also 
have enhanced root growth & uptake of soil minerals by the host plant (Zaidi et al., 
2006). The IAA produced by the rhizoidal strains promotes root growth directly by 
stimulating plant cell elongation or cell division (Minamisauia & Fukai, 1991). The 
result thus suggests that the application of these strains as a seed bio-inoculants 
increased the metal tolerance through their PGP activities promoted overall growth of 
legume plants. Similar evidence of increase in plant growth in metal amended soil has 
been reported (Faisal & Hasnain. 2005: Pajuelo et al., 2007). Burd et al., (2000), 
observed an increase in the growth of tomato, canola and mustard, when these plants 
were grown in presence of Muyrera ascorbata in Ni, Pb and Zn amended soil. 
However, reports on the effect of metals on Rhi=ohium-legume symbiosis are 
conflicting. For example, Chaudri et al., (2000), observed a significant reduction in 
nodulation, when field grown pea was grown in soil amended with Zn and Cu. While 
Ibekwe et a! (1995) reported a considerable increase in nodulation of alfalfa 
(Medicago sativa L.), white clover (Trifoliunr repens L.) and red clover (Triofolium 
pretense L.) when grown in metal amended soil. 
Moreover, the chlorophyll content in fresh leaves of chickpea and pigeonpea 
measured. leghaemoglobin in fresh nodules of chickpea; nitrogen content in roots and 
shoots of each legume and nitrogen content in roots and shoots of each legume and 
seed yield and Wain protein decreased consistently with increase in the concentration 
of chromium (chickpea and pigeonpea) in the absence of bio inoculants. In 
comparison, the plants grown in the presence of bioinoculcated increased the 
measured parameters under the influence of metals. For example, when strain RC3 
was used with 60.52 mg Cr/kg soil, it increased the chlorophyll content of chickpea 
by 7.07%, compared to chickpea plants grown in soil amended solely with the same 
dose of chromium. Similarly, the chlorophyll content of pigeonpea plants inoculated 
with RP2 and grown in amended with 60.52 mg Cr, kg soil, increased the chlorophyll 
content significantly by S.41 °o, above the un-inoculated but amended with the same 
dose of chromium. Similer findings have been reported by (Wani et al., 2007b). 
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Seed yield and grain protein increase of chickpea and pigeonpea by 27.45, 15.13% 
and 7.18, 19.51%) grown in soil amended solely with the same dose of chromium. 
Burd era! (2002) observed an increase in the protein content of tomato, canole and 
Indian mustard when plants were grown in the presence of Kluvivcra ascorbata 
SOD 165 in the presence of high concentration of nitrogen, lead and zinc. 
The accumulation of Cr uninoculated and an inoculated chickpea plants uprooted (at 
60. 90, and 135 DAS) and for pigeonpea (at 60, 80 and 110 DAS). 
For chickpea at 60, 90 and 135 days and for pigeonpea at 60, 80 and 1 10 in plants 
organs (roots, and shoots) differed among treatments. The uptake of each metal by the 
roots, shoots and grains of two legumes used in this study increased with increase in 
the concentration of tested metal. 
This study demonstrated that the inoculation of Mesor-hi.-obiut?z RC3, Rhi=obium 
(RP2) specific to pigeonpca and Bacillus BP7, BP5 used as seed inoculants showed 
dual effects on chickpea and pigeonpea plants grown in metal treated soil. Such 
bacterial strains endowed with multiple properties of growth promotion and ability to 
reduce the toxicity of tested metals, therefore, can be used as hioinoculant for 
chickpea and pigeonpea grow in waste water irrigated soils with metals, as used in 
this study. Furthermore. the remediation of heavy metal contaminated sites using 
PGPR including symbiotic nitrogen fixers is an exciting area of research, because 
these can easily and experimentally be mass produced for the inoculant of legume 
crops compared to other means of remediation. 
Growth of Chickpea and Pigeonpea: 
Chromium at elevated levels inhibits the growth of plants (Zayad & Terry 2003) but. 
when strain was also added, it increased the measured parameters. The inoculant 
strain protected the plants from Cr toxicity possibly through the soluble chromate 
reductase or by providing plants with the sufficient amounts of growth-promoting 
substances. The inoculant strain reduced the Cr uptake by plant organs. Similarly, 
accumulation of Cd and Cr in greengram has been reported (Wani et al.; 2007c, d). In 
conclusion, the strain RC3 and RP2 showed a potential for Cr reduction, produced 
plant growth-promoting substances under Cr stress and enhanced the growth and yield 
of chickpea and pigeonpea, both in Cr stress and Cr free conditions. Due to the 
multifarious activity, the strain RC3 and RP2 could therefore, be utilized for growth 




The metal polluted soils of Aligarh region showed a variable microbial diversity. The 
present study has demonstrated the variation in morphological, biochemical 
characterstics, metals toxicity. The population density of these rhizobacteria were 
influenced by plant genotypes and the level of metals in soils common rhizobacterial 
populations like Bacillus, Rhi=obium, Pseudomonas and Aspergillus including fungi 
were recovered from different sites. Total bacterial strains isolated from rhizospheric 
soils of chickpea, pigeonpea, cabbage and munghean. These plant growth promoting 
rhizohacterial strains showed a variable tolerance to antibiotics and metal ions under 
aerobic conditions. The plant growth promoting rhizobactrial strains presumptively 
identified as Bacillus. Rhi_ohium, Pseudornonas and Aspergillus. 
The phytotoxicity experiments suggested that the increasing metal concentrations 
used either separately or as mixtures, adversely affected the overall performance of 
chickpea and pigeonpea. When given in metal amended sandy clay loam soil, leading 
eventually to the decreased seed yield. All of these metals Cd was found as the most 
toxic metal for chickpea. pigeonpea was followed by other metals at concentrations 
above the guidelines of some of the regulatively authority of the world. Although, 
regulatory criteria have been established with limits on the environment and human 
health, phytotoxic theresholds have not been listed for these metals. The concentration 
at which pot show phytotoxicity depends on several victors such as metal speciation, 
phytogenotype, metal concentrations and soil types. The order of toxicity of single 
and multiple metals on seed yield decreased. Interestingly, it was also found that the 
metals used in this study could enter the food chain through their accumulation in 
grains which when consumed could lead to human health problem. Therefore research 
is urgently required to examine the toxic effect of metal ions on nitrogen fixation, by 
other legumes and to a toxic concentration of metal on diverse soils under different 
agronomic practices. In this context, the mechanism for the toxicity of metals to 
legumes and extent of their accumulation will he important in modeling the full 
impact of metal concentration on the legumes. Furthermore the coal-fired power, oil 
refineries, agriculture areas worldwide and making soil unsuitable for cultivation. 
Therefore based on the findings of the two years trails, it is suggested to growers who 
often use sewage water having toxic metals, for legume cultivation, should not allow 
the metals showing toxicity in this study to accumulate to such toxic level 
inagronomic soils the applicability of these approaches, however, needs to be tested 
further in field studies_ 
Furthermore, the bioremediation potentials of the isolated metal tolerant strains of 
plant growth promoting rhizobacteria capable of synthesizing plant growth promoting 
substances. In vitro was assessed using chickpea, pigeonpea in metal treated soils. 
The inoculation of metal tolerant strains RC3& RP2, BC5 & BP7 substantially 
improved the performance of chickpea and pigeonpea when grown in metal treated 
soils. The inoculation of metal tolerant strains Bradvrhizobium RC3 and Rhizobium 
RP2, substantially improved the performance of chickpea, pigeonpea, when grown in 
metal treated soils. Also, these strains reduced the uptake of metals by plants. Thus, 
these strains showed dual effects on the test legumes (i) Provided protection to the 
legumes against the toxic effects of test metals, and (ii) reduced uptake of metals by 
plant organs leading eventually to an increase in all the growth and seed yield of the 
test legumes. In addition the increase growth of legume plants in the presence of 
bioinoculant strains, besides their ability to provide N (nitrogen fixers) and P 
(phosphate solubilizers) to legume crops. Due to these multiple properties expressed 
by these plant growth promoting rhizobacteria strains as observed in this study, the 
strains, Mesorhizobit4rn RC3, Rhizobium RP2, Bacillus BC5, BP7 could therefore, be 
used as bio-inoculant to contaminated soils and consequently to increase the 
performance of legumes in soils contaminated with metals. Moreover, the consortium 
of metal tolerant strains of plant growth promoting rhizobacteria and nitrogen fixers, 
used as biofertilizers or allied colonizers could be managed under field condition 
while a performance of crops in metal contaminated soils. Furthermore the 
remediation of heavy metal contaminated soils using plant growth promoting 
rhizobacteria is inexpensively, since plant growth rhizobacteria can easily and 
inexpensively be mass produced for all the inoculation of legume crops, compared to 
other microbes. Resuhs from this study suggest that the plant growth promoting 
rhizobacteria could help to reduced toxicity of heavy metals to legumes, when grown 
in metal contaminated polluted soils. Remediation of metal contaminated soils using 
biological systems (both microbes and plants) is an emerging area of interest and has 
shown a substantial progress in situ, which needs to be further consolidated through 
field trials under different agro-climatic zones of the world. While advances in 
remediation of metal derelict soils has increased the effectiveness of heavy metal 
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decontaminationidegradation, still very little is known about the interactions but plant 
growth promoting rhizobacteria, plant roots and other microbes. Also, the mechanism 
of mobilization and transfer of metals different organs of legumes is not fully 
understood. Additionally the remediation technologies have widely been used under 
Lab/greenhouse and have over looked its performance under more complicated natural 
ecosystem. A more comprehensive of these plant growth promoting rhizobacteria in 
their natural environment is needed for this tcclmology to reach its fully potential. 
Further research is needed to upgrade the use of plant growth promoting 
rhizobacteria from a site specific model to a universal one. In order to increase the 
heavy metal degradation/detoxification, genetic engineering of both the plant growth 
rhizobia. Community and plants can specifically be attempted to target various heavy 
metals at co-contaminated soils to provide a customized ph}aoremediation system. 
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Martin's medium (;/1) 
Dextrose 5. Potassium dihydrogen orthophosphate I ; magnesium sulphate 0.5; 
streptomycin 0.006; Rose Bengal 2 part in 3000 part of medium. (1 g of 
chloremphonicol/ nalidixic acid was dissolved in 100 ml of sterile water. 0.3m1 of this 
solution was added to 100 ml of rose Bengal medium after it cooled to 45°C 
Appendix 2 
Actinomycetes isolation agar (g/1) 
Sodium caseinatc 2.00, L-Asparagine 0.10. Sodium propionate 4.00, Dipottassium 
phosphate 0.50, magnesium sulphate 0.10, ferrous sulphate 0.001 
Appendix 3 
Jensen's agar (g/1) 
Sucrose 20.0. dipottasium phosphate 1.0, magnesium sulphate 0.50, sodium chroride 
0.50. ferrous sulphate 0. 10, sodium molybdate 0.005, calcium carbonate 2.00 
Appendix 4 
Yeast extract mannitol medium (K11) 
L-Mannitol 10, K2HPO4 0.5. MgSO4.2H-0 0.2. NaCl 0.1; yeast extract 1.0; CaCO32; 
pH7 
Appendix 5 
King's B agar (g/I) 
Peptic digest of animal tissue 20.0, MgCl2 1.4. K'SO4 10.0, agar. 13.6, pH7 
Appendix 6 
Piko~ skav a medium (g/l) 
Glucose 10; Ca_(PD4)25, (NH4)2SO4 0.5; NaCl 0.2; MgSO4.7H-O 0.1; KCl 0.1; yeast 





Crystal violet (90% dye content) 2g; Ethyl alcohol (95%) 20m1 
Solution B 
Ammonium oxalate 0.8g; distilled water 80ml 
Gram's iodine 
Iodine I fig. Potassium iodide 2g; distilled water 300ml 
Decolorizer 
Ethyl alcohol 95m1: distilled water Sml 
Counter stain 
Safranin (2.5% solution in 95% ethyl alcohol) I Oml; distilled water 100ml 
Appendix 8 
Kovac's reagent 
P-dimcthvl aminobenzaldehyde 10g; Iso-amyl alcohol 15ml (Dilute 10 times in 
distilled water before use) 
Appendix 9 
;Methyl red solution (g/1) 
Methyl red 0.1. ethyl alcohol 300m1; distilled water 200ml 
Appendix 10 
Barrit's reagent (g/1) 
Solution A 
A-naphthol 5. ethanol 95ml 
Solution B 
Creatine 0.30: Potassium hydroxide 40 
Appendix 11 
Simmons citrate agar (pH 0±0.2) 
Ammonium dihydrogen phosphate 1; dipotassium phosphate 1; magnesium sulfate 
0.2: sodium chloride 5: sodium citrate 2; bromothymol blue 0.08 
Appendix 12 
Trypticase nitrate broth (gi1) 
Trypticase 20; disodium phosphate 2; dextrose 1; potassium nitrate 1; agar 20, pH 7 
Appendix 13 
Solution A (g/l) 
Sulfanilic acid 8; acetic acid 5N 1000ml 
(5N:1 part glacial acetic acid to 2-5 parts distilled water) 
Appendix 14 
Solution B (g/1) 
Dimethyl amine I -napthylamine 5; acetic acid l OOOm1 
Appendix 15 
Nutrient broth (g/1) 
Peptone 5; meat extract 1; yeast extract 2; sodium chloride 5; agar; 15; pH 7.0±0.2 
Appendix 16 
Asparagine Broth (g/1) 
Monopotassium phosphate 10; dipotassium phosphate 1; DL- Asparagine 2; 
magnesium sulfate 0.50; pH 7.0±0.2 
Appendix 17 
Starch agar (g/I) 
Peptone 5; beef extract 3; starch 2; agar 20; pH 7.0 
Appendix 18 
Tributyrin agar (g/I) 
Beef extract 1.0. peptone 10.0. nail 7.5. mannitol 10.0, agar 20.0, phenol red 0.025 
Appendix 19 
Fermentation broth (g/1) 
Beef extract 1; peptone 10; phenol red 0.018; pH 7.4 
Appendix 20 
Luria bertani broth (gl1) 
Tryptone 10; yeast extract 5; NaCI 10; pH 7.0 
Appendix 21 
Salkovsky's reagent 
FeCh (0.5M) 1.0 ml, HC1O4 (35%) 50 ml 
Appendix 22 
Peptone water (g/1) 
Peptone 10.0. Nail 5.0. pH7 
Appendix 23 
Nessler's reagent 
Pottassium iodide 50 g, distilled water (ammonia free) 35 ml 
Add saturated aqueous solution of mercuric chloride until a slight precipitate persists 
potassium hydroxide 400 ml 
Dilute the solution to 1000 ml with ammonia free distilled water. Allow to stand for 
one week, decant supernatant liquid and store in a tightly capped amber bottle 
Appendix 24 
Potato Dextrose agar (g/1) 
Potato (peeled and diced) 200, D. glucose 20, Agar 20 
Appendix 25 
duller hinton's agar (g/1) 
Casein acid hydrolysate 17.50, beef heart infusion 2.0, starch, soluble 1.5, agar 17 
Appendix 26 
Phosphate buffer 1% (pH 7.2-7.4) 
Solution A 
Disodium phosphate 1.4g; distilled water 100ml 
Solution B 
Sodium dihydrogen phosphate 1.4g; distilled water 100m1 
(84. l rnl of solution A to 15.9 ml of sol B and 8.5 g of sodium chloride and volume 
was made upto one liter 
Appendix 27 
Pyridine reagent 
Sodium hydroxide 0.8g (dissolved in 50 ml). Pyridine 33.8 ml 
The volume was made upto 100 ml 
Appendix 28 
Copper solution 
Solution A: Sodium carbonate 2g (mixed with 0.1 N Sodium hydroxide) 
Solution B: Copper sulphate 0.5g, pottasium sodium tartrate 1 g, distilled water 100mI 
Copper solution was prepared by mixing 50 ml solution A with 1 ml of solution B 
Appendix 29 
Folins reagent 
Sodium tungstate 100g, sodium molybdate 25g, distilled water 700m1, 85% 
orthophosphoric acid 50 ml. HCI 100m!, bromine water few drops 
(Reflux the above given mixture for 10 h) 
Boil the solution without condenser for 15 min to remove excess bromine, cool and 
dilute it to 1 liter 
Summary 
SUMMARY 
Industrial wastes are a major source of environmental pollution and originate from 
mining industries, chemical industries, metal processing industries and others. These 
wastes include chemicals ranging from heavy metals to synthetic compounds. Heavy 
metals released as toxic effluents from smelters are deposited into nearby ecosystem and 
are linked with health hazards. These include As, Cu, Mg, Ni, Cr, Pb, Zn and Cd. These 
elements are called heavy metals because in their metallic form, their densities are greater 
than 4g/ec. It has also been detected from micro-organisms, plants as well as animals. 
Wastewater from industries is one of the major sources of aquatic pollution. Aligarh city 
is famous for lock manufacturing factories and metal polishing units. Hundreds of small 
and large scale factories are supposed to spill tremendous amount of heavy metals into 
the sewage in the form of industrial effluents. Our contention was to initiate preliminary 
work on the heavy metal pollution arising out of the lock manufacturing factories. The 
effects of heavy metals on the microbial ecosystem can be best described in terms of the 
toxicity of metals of micro-organisms. Moreover, the elevated concentration of metals in 
soil when taken up by the plants also causes the disintegration of cell organelles and 
disruption of membrane. Heavy metal concentration act as genotoxic substances and 
adversely affect the physiological processes, such as photosynthesis, protein synthesis, 
respiration and carbohydrate metabolism and concomitantly results in losses in the yields 
of various crops including legumes. However some rhizospheric microorganisms are 
capable of alleviating the toxicity of metals and can promote the growth and yields of 
plants even in the metal contaminated soils, Among these microbes, the plant growth 
promoting rhizobacteria including phosphate solubilizing bacteria and symbiotic nitrogen 
fixing organisms can provide protection to the plants against the toxic effects of metals 
through adsorptionldesorption mechanisms, besides providing the essential nutrients (P 
by PSB and N by N2-fixers) and plant growth promoting substances (phytohormones) 
including siderophores to the plants. With these consideration and lack of sufficient data 
on growth promoting potentials of plant growth promoting rhizobacteria, toxicity of 
metals to both plant growth promoting rhizobacteria and their metabolic activities on the 
I 
overall performance of legumes, cultivated in conventional and contaminated soils. 
Agricultural fields near the major industrial area of Aligarh arc used for growing 
legumes. for which industrial sewage water is used as a source of irrigation. Considering 
heavy metals as global threat and the lack of adequate data and conflicting reports on the 
effect of toxic metals on plant growth promoting rhizobacteria included nitrogen fixers 
and their symbiosis with legume plants and the possibility of damage to the legumes due 
to the deposition of heavy metals into the soil, the current studies have been designed 
with the following specific objectives: 
1. Isolation and characterization of rhizospheric microorganisms isolated from pulse 
crops grown in irrigated field with wastewater 
2. To determine the tolerance of bacteria against heavy metals viz. Zn, Ni, Pb, Cr, 
Cd 
3. To investigate the heavy metal, resistance/tolerance pattern of microorganisms 
isolated from rhizospheric soil 
4. To determine the antibiotic resistance pattern of bacteria 
5. To evaluate the effect of toxic metals separately or in combination on the growth 
of chickpea and pigeonpea soils 
6. To assess the bioremediation potential of metal tolerant PGPR strains 
7. Uptake of metals by legume crops grown in soils, amended with or without heavy 
metal 
Heavy metal in polluted soils of Mathura road (Aligarh) and non polluted soils of faculty 
of Agricultural sciences, AMU Aligarh was determined by AAS. The heavy metal 
concentration in polluted soils of Mathura road (SI) was cadmium (13.24mg'kg soil), 
chromium (30.26mg/kg soil), nickel (162.76mg/kg soil), zinc (220.04mgikg soil), and 
lead (105.7mglkg soil). The heavy metal concentration in the conventional cultivated 
soils of the faculty of Agricultural sciences (S2) were recorded as nickel (10.3mg/kg 
soil), lead (8.12mg'kg soil), zinc (19.2mg/kg soil), chromium (63rng/kg soil), and 
cadmium (0.2mg/kg soil). The atomic absorption spectrophotometric analysis of heavy 
metals (Cd, Cr, Zn, Ni and Pb) in the test samples from Mathura road Aligarh were 
evaluated. Compared to wastewater, soil contained higher levels of all these metals. The 
concentrations of heavy metals in wastewater were recorded for lead (110.16), zinc 
2 
(225.54), nickel (167.27). cadmium (14.84) and chromium (32.63) mg/kg soil relatively. 
The rhizosphere soil of chickpea and pigeonpea and mungbean was subjected to 
microbial analysis. The viable counts of bacteria fungi and phosphate solubilizing 
microorganisms (PSM) differed among rhizosphere soils. Generally the microbial 
populations were less in polluted soils (Si) compared to non-polluted soils (S2). Bacterial 
populations in the rhizosphere of chickpea, pigeonpea and cabbage in Si were 59x l Os, 
51 X 105 and 63 x 10 CFU/g respectively, and in S2 of chickpea, pigeonpea and mungbean 
bacterial population was 60x 10, 40x 10' and 46x 10' CFUg soil respectively. The fungal 
population in all the rhizosphere soils ranged between 25x 104 CFU/g in chickpea 35x 104 
CFU/g mungbean from (S2) to 24x 104 pigeonpea from (S l) and actinomycetes varied 
between 30x 103 CFU/g in (S2) mungbean and 20x 103 CFU/g in (S. I) pigeonpea. 
Morphological and biochemical characteristics of bacterial cultures isolated from various 
rhizospheric soils varied considerably among isolates. Of the total bacterial isolates, 
17.9% cultures were Gram positive and rod shaped. On nutrient agar plate, Gram positive 
isolates showed circular and irregular, raised colonies with white pigmentation while 
remaining 82.100  were Gram negative and rod shaped. Of the total isolates, 32.1% 
formed characteristics shrinked, mucoid, gummy colonies on Jensen's plate which later 
on turned brownish black, probably due to production of melanin. A total of 21.4% 
isolates showed fluorescent green pigments on King's B plate under UV illuminator 
while 28.6% showed raised, button shaped mucoid colony on YEMA medium. The 
isolated bacterial cultures showed a variable biochemical reaction. While comparing the 
various morphological, cultural, physiological and biochemical properties as observed in 
this study with those outlined in the Bergy's manual of determinative bacteriology the 
bacterial cultures were tentatively identified as belonging to the genera Bacillus (5), 
Pseudomonas (6), Azotobacter (9) and Rhi:obium (8). In the present study, a total of 28 
isolates were selected and tested for their fermentation ability using fructose, lactose 
glucose and sucrose in liquid culture medium. Generally, Bacillus produced acid and gas 
with all sugars used in this study except lactose. All Pseuclornonas strains produced acid 
when glucose was used as sole C source in fermentation broth whereas only 16.7% 
produced acid with lactose. A total of 37.5, 50, 50 and 25% of Rhizobial isolates showed 
acid production when grown in phenol red broth medium supplemented with glucose, 
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fructose, sucrose and lactose, respectively whereas 37.5, 37.5, 25 and 25% of Rhizobial 
isolates were tested positive for gas production against same sugars, respectively. 77.8% 
of A:otobacter strains displayed acid production with glucose and fructose whereas 44.4 
and 22.2% A:otobacter strains displayed acid production in sucrose and lactose amended 
fermentation broth, respectively. All the A:otobacter showed gas production with all 
fermentation sugars except lactose. The production of IAA by the selected bacterial 
strains was assayed in LB broth supplemented with different concentration of tryptophan. 
Generally IAA produced by Bacillus ranged between 25µg'ml (BC5) to 90µg/ml (BP7) at 
50T to 200T. Generally the IAA production increases with rise in tryptophan 
concentration. Minimum IAA production increases in case of (BC5) and maximum IAA 
production increases by (BP7) in Bacillus strains. Minimum IAA produced by Rhi:obium 
ranged between 30µg'ml (RM8) at 50T to 60µf: ml at 200T and maximum 50µg. ml 
(RCM5) at 50T to 100µg/ml at 200T. In case of Pseudornonas strains, with increase in 
tryptophan concentration from 50T to 200T. IAA production also increases 45µg/ml to 
10Up.giml in case of (PM6), which shows highest IAA production and minimum IAA 
produced by (PCM7) ranged between 30µg-m1 at SOT to 70µg`ml at 200T. Maximum 
amount of IAA production in Azotobacter was observed (45 to I IOVg/ml) at 50T to 200T 
in case of strain AC2. while the strain AP5 show minimum production (25µg/ml) at 50T 
and (70µg/ml) at 200T. The plant growth promoting rhizobacterial strains were tested 
further for the synthesis of ammonia & HCN using peptone water & HCN induction 
medium, respectively. All the tested strains were found positive for ammonia as well as 
for HCN. A otobacter and Pseudomonas in general showed a maximum HCN production 
while HCN production by other isolates was less pronounced. Another important trait of 
plant growth promoting rhizobacteria PGPR is the production of siderophores that may 
indirectly affect the growth of plants. Siderophores are small, high-affinity iron chelating 
organic compounds secreted by microorganisms such as bacteria and fungi. Siderophores 
are amongst the strongest soluble Fe3+ binding agents known. Despite being one of the 
most abundant elements, the availability of iron in many environments is limited by the 
very low solubility of the Fe3+ion. Microbes released siderophores to scavenge iron from 
these mineral phases by forming soluble Fe3,complexes that can be taken up by active 
transport mechanisms. In the present study all isolates belonging to genera Bacillus, 
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Pseudomonas and A otobacten were positive for siderophore production. Among all the 
test isolates, Pseudomonas strains showed maximum siderophore production. The 
rhizospheric bacteria when tested on Pikovskaya agar plates in this study produced a 
celar halo zone around their growth. The PGPR were further evaluated for their 
phosphate solubilizing potential. on solid Pikovskaya medium. Of the total isolates 
(N=28). 50% of the PGPR strain showed the phosphate solubilizing activity as detected 
by the formation of clear halo around their growth on Pikovskaya agar plate. In our study, 
Pseudomonas strains PC3, PC5. PM6. and PCM 10, .-I otohacter strains AP8 and ACM4 
produced clear zone (? 10mrn) of phosphate solubilization on Pikovskaya plates 
supplemented with tri-calcium phosphate. whereas zone size produced by Bacillus, and 
rhizobia isolates was less than 10tnm in size. The zone of P-solubilization on Pikovskaya 
agar plates ranged in general between 4mm (RC3 and RM8) to 12mm (PC5). In addition 
the solubilization index (SI) for all bacterial strains ranged between 2.2 (RM4. RCM3 
and RCM5) to (BM2) while solubilization efficiency of isolated bacterial strains varied 
between 50 (BM2) to 80 (RC6, RM4 and RCM5). From the present study, it was 
observed that Rlrizohium was the highly efficient phosphate solubilizers (80) followed by 
Bacillus and A:otohacter. The antifungal activity of Bacillus and Rhizobium as well as 
Pesudomonas and A:otobacter against phytopathogens like Alternaria sp.. Fusarium 
o ''sporum and Aspergillus sp. was assayed on the Potato dextrose agar (PDA) medium. 
Antifungal activity of the bacterial strains varied considerably with all the fungal 
pathogens. The maximum zone of inhibition (28mm) was produced by Pseudomonas 
strains PC5 against Fusarium oxysporurn sp. on PDA plate. Of the phytopathogens, 
Aspergillus was inhibited maximally by the (78%) bacterial isolates. Followed by 
Alternaria (71 %) and Fuasarium (64%). It was observed that all Bacillus strains showed 
antagonism against Aslergilhrs spp. and Alternaria spp., while all Pseudomonas inhibited 
Aspergillus growth on PDA. The selected PGP rhizobacterial strains were tested for their 
ability to tolerate various concentration of heavy metals like, cadmium, chromium, nickel 
lead and zinc using agar plate dilution method. Generally, the PGPR strains showed a 
varied level of tolerance to heavy metals. Among the Mesorhi obium strains, strain RC3 
showed highest tolerance to most of the metals. Strain RC3 tolerated a concentration of 
550, 450, 450, 450, and 550pg/ml of cadmium, chromium, nickel, lead, and zinc 
P, 
respectively, amended in agar plates where strain RP2 showed a tolerance level of 450, 
450. 450. and 750µg, ml to cadmium, chromium, nickel, lead, and zinc respectively. 
added to solid plates. Rhizobiwn isolated from mungbean nodules RM8, showed highest 
tolerance of the metals. RM8 strain showed a higher tolerance to cadmium (450pg/ml), 
chromium (450pg/ml), nickel (350µg/ml), lead (450pg`ml), and zinc (750pg/ml). In 
comparison, among the phosphate solubilizers, the Bacillus spp. BC5 and BP7 tolerated 
most of the tested metals. Bacillus BC5 showed a higher tolerance to cadmium 
(350pg, ml). chromium (450g/ml). nickel (450pg'ml). lead (450pg`rn1) and (750.tgiml) 
zinc, strain BP7 showed a higher tolerance to cadmium (350pg/ml), chromium 
(450µglml), nickel (350µg/ml), (350.tglml) lead and (450µg&/ml) zinc. In comparison, 
among the phosphate solubilizers the Pseudomonas spp. PCM7 showed high tolerance of 
metals. Pseudomonas (PCM7) showed high tolerance of cadmium (450pgiml). chromium 
(550.tg/ml). nickel (450.tg/ml), lead (450 .ig ml) and zinc (750.tgiml). In comparison, 
among the phosphate solubilizers the it otobacter spp. AP5 showed high tolerance of 
metals. 4zotobacte?- spp. AP5 showed high tolerance of cadmium (350pg/ml), chromium 
(450µg/ml), nickel (450µg-`ml), lead (350g/ml) and zinc (550µg/ml). Metal tolerant 
bacterial strains were evaluated further for their PGP activities in their respective medium 
supplemented with different concentration of selected metals. The bacterial strains 
showing higher tolerance to metals and exhibiting substantial production of PGP 
substances in vitro have been included in this study. Ammonia production however, did 
not get inhibited in bacterial strains under 3 concentrations of Cr, Ni, Pb and Zn, stressed 
condition though the intensity was reduced at highest concentration in selected strains. 
Pseudomonas strain PM6 in our study was found to be highest HCN producer at all 3 
concentrations of C'r. Ni, Pb and Zn. Rhi:obium strain RC3 has also shown HCN 
production but with less intensity. The HCN production by Bacillus strain BP7 decreased 
with increasing concentrations of Cr, Ni, Pb and Zn. Azotobactor strain AC2 show very 
less HCN production in the presence of increasing concentrations of Cr, Ni, Pb and Zn. A 
total of 5 PGPR strains were used in this study. The effect of 3 concentrations each of 
chromium. nickel, lead and zinc on IAA production PGPR was as determined in LB broth 
supplemented with 50, 100 & 150pg/ml of tryptophan. Metal tolerance PGPR used in this 
study produced a substantial amount of plant growth promoting substances both in the 
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absence & presence of metals. The maximum IAA production of Pseudomonas (PM6) at 
150T, 26.6µg'ml of 100µg; ml chromium, 24.1 µgiml of 100µg'ml nickel 24.2pg/ml of 
250µg/ml lead and 24.8µg ml for 250µg/ml zinc respectively. At 50T maximum IAA 
production of Pseudomonas (PM6) I5.6µgiml (100µg/ml chromium), I5.8µg/ml 
(100µg, ml nickel), 16.3 µg ml (250µg/ml lead) and 16.Oµg/ml (250µg/ ml zinc) 
respectively. The minimum production of IAA at 150T under metal stress 24.0µg/ml 
(200µg/ml chromium), 23.0µg/ml (200µg'ml nickel), 23.8µgml (750µg/ml lead) and 
23.3µgml (750µg/ml zinc). The minimum IAA production of Pseudomonas (PM6) at 
50T. 14.7µg/ml (200µg/ml chromium), 15.2µg/ml (200µg/ml nickel), 15.3µg'ml 
(750g/ml lead) and 15.2µg/ml (750pg/ml zinc). The data revealed a concentration 
dependent increase in IAA. The maximum production of IAA 22.0µg/ml when 
Rhi=obicn strain RC3 was grown in broth having 200µg/ml of chromium concentration. 
The amounts of IAA produced by the Rhi:obium strains decreased progressively with 
increase in metal concentration. At 50T maximum IAA production of Rhi:obium strain 
RC3 was 15.7µg/ml (100µg/ml chromium). 10.8 (100µg/ml nickel), 11.5 (250µg/ml lead) 
and 11.2µg/ml (250µg/ml zinc) respectively. The minimum IAA production at 150T 
under metal stress was 23.8µg/ml (100µg/ml chromium), 21.2µg/ml (100µg/ml nickel), 
21.4µg ml (250µg/ml lead) and 23.1 µg'ml (250µg/ml zinc). The minimum production of 
IAA at 50T, 13.4µg/ml (200µg/ml chromium), 10.1 µg/ml (200µg/ml nickel), 10.3µg'ml 
(750µg/ml lead) and 10.2µg/ml (750µg/ml zinc). At the lowest rates of each metal 
compared to control (without metal) the amount of IAA produced at the highest tested 
rates of each metal was lower compared to control. In general, the heavy metals did not 
affect the synthesis of IAA by the Rhizobial strains negatively, though it decreased 
marginally with increasing concentration of heavy metals. The maximum IAA production 
by the Bacillus isolates (Bacillus BP7) under metal stress at 150T. 17.5µg/ml (I 00µg/ml 
chromium), 21.Sµg/ml (100µg/ml nickel), 22.8µg/ml (250µg/ml lead) and 19.6µg/ml 
(250µg/ml zinc) µg/ml. Among the three concentration of each metal, chromium, nickel, 
lead & zinc showed maximum concentration by Bacillus strains at 50T, 17.5µg/ml 
(100µg/ml chromium), l 5.Oµg/ml (100µg/ml nickel), 13.2µg/ml (250µg/ml lead) and 
12.3µg/ml (250µg/ml zinc) µg/ml. The minimum IAA production at 150T under metal 
stress 16.7µg/ml (200µgiml chromium), 20.4µg/ml (200µg/ml nickel), 20.1 µg/ml 
►l 
(750 ,ig ml lead) and 19.Opg/ml (750p&/ml zinc), when metal concentration increases the 
production of IAA decreases. The minimum production of IAA at 50T was 15.5µg/ml 
(200µg'm1 chromium), 13.9µg/ml (200µ,,m1 nickel), 12.5µg/ml (750g/ml lead) and 
10.7p `m1 (750pg/ml zinc). Metal tolerant strains of PSB bacteria were also tested for 
IAA production under metal stress environment. The maximum IAA production by 
Azotobacter (AC2) show maximum IAA production at 150T. (100pg/ml chromium) 
21.5pg'ml, (100µg/ml nickel) 22.6pg/ml, (250pg/ml lead) 24.9µg/ml and (250µglml 
zinc) 25.Oµ 'm1 respectively. The minimum IAA production at 50T by AC2 13.3.tg/m1 
(100µgiml chromium), 12.9µgiml (100pg;'ml nickel), 14.2 w'mI (250pg/ml lead) and 
14.4 µgi'm1 (250pg/ml zinc) respectively. Minimum production of IAA at 150T, 
18.5pg/ml (200pglml chromium), 20.6p /ml (200pg/ml nickel). 22.0µg/ml (750µg/ml 
lead) and 24.0µg/ml (750µg nil zinc) respectively. At 50 T. 12.5µg/ml (200µfi'ml 
chromium), 1 1.8.tgrml (200 ig ml nickel), 13.7pg/ml (750µ,,m1 lead) and 13.8p&'ml 
(750µg ml zinc) shows minimum IAA production when concentration of metal increases. 
In the present investigation, production of siderophpores by the metal tolerant strains of 
PGPR was also determined in nutrient broth tubes supplemented with or without 
chromium, nickel, lead and zinc. Generally, the PGPR strains showed siderophore 
activity on metal amended tubes. The intensity was reduced at higher concentration of 
metals at 200µg/ml of chromium and nickel and at 750µg/ml of lead and zinc in selected 
strains of Pseudomonas (PM6), Rhizobium (RC3), Bacillus (BP7) and Azotobacter 
(AC2). The rhizospheric bacteria when tested on Pikovskaya agar plates in this study 
produced a clear halo zone around their growth. The PGPR were further evaluated for 
their phosphate solubilizing potential, on solid Pikovskaya medium. In our study, 
Pseudomonas strain PM6 produced 9 (mm) and 7 (mm) and Bacillus strain, Bacillus 
(BP7) 7 (mm) and 8 (mm) clear zone of phosphate solubilization on Pikovskaya plates 
supplemented with tri-calcium phosphate, whereas zone size produced by Azotobacter 
strain (AC2) 7 (mm) and 4 (mm) and Rhi obium strain (RC3) 7 (mm) and 6 (mm), 
isolates in size at I OOpg/ml of chromium and nickel as compared to control. In this study 
Pseudomonas strain PM6, 9 (mm) and 7 (mm) and Bacillus strain, (BP7) 9 (mm), 8 (mm) 
and 7 (mm), 7 (mm) showed zone of phosphate solubilization on Pikovskaya plates at 
250pg/ml of lead and zinc as compared to control. In addition the solubilization index 
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(SI) for all bacterial strains ranged (2.16 to 2.67mm) at 100-200pg/m1 of chromium and 
(1.8 to 3mm) 100-200pg/ml of nickel as compared to control. The solubilization index 
(SI) ranged between 2.16 to 2.75 and 2.4 to 2.75 at 250-750µg/ml of lead and zinc for all 
bacterial strains as compared to control. From the present study, it was observed that 
solubilization efficiency of for all bacterial strains 86 and 83 at 100pg/ml of chromium 
and nickel and 85 and 80 at 250-750}tg'ml of lead and zinc as compared to control. The 
bacterial isolates including Bacillus, Rhizobium, Pseudomonas, and Azotobacter were 
further tested for their sensitivity/resistance towards antimicrobial drugs. In the study, 
7190 of the total isolates showed resistance to 25 mcg/disc amoxicillin, 64% resistance to 
25 mcg/disc chloramphenicol, 78% resistance to 30 mcg/disc ciprotloxacin, 67% 
resistance to 25 mcg/disc co-trimoxazole, 85% resistance to 15 mcg/disc erythromycin, 
60 % resistance to 30 mcg/disc gentamycin, 75% resistance to 30 mcg/disc methicillin, 
71% resistance to 100 mcg/disc nitrofurantoin, 50% resistance to 30 mcg/disc 
novvobiocin, 82% resistance to 300 mcg/disc polymyxin B and 42% resistance to 25 
mcg/disc streptomycin. Among bacterial strains, (20%) Bacillus, (50%) Rhizobium, 
(17%) Pseudomonas and (22%) Azotobacter strains were resistance to 25 mcg/disc 
amoxicillin. (40%) Bacillus, (50%) Rhizobium, (16%) Pseudomonas and (22%) 
Azotobacter strains were resistance to 25 meg/disc chloramphenicol. Bacillus strains 
were not resistance to 30 mcg/disc ciprofloxacin, while (25%) Rhizobium, (33%) 
Pseudomonas and (22%) Azotobacter strains were resistance to 30 mcg/disc 
ciprofloxacin, (50%) Bacillus, (25%) Rhizobium, (17%) Pseudomonas and (33%) 
Azotobacter strains were resistance to 25 mcg/disc co-trimoxazole, Bacillus strains were 
not show resistance to 15 mcg''disc erythromycin, while (25%) Rhizobium, (33%) 
Pseudomonas and (11%) Azotobacter strains were resistant to 15 mcg/disc erythromycin, 
(20%) Bacillus, (50%) Rhizobium, (33%) Pseudomonas and (44%) Azotobacter strains 
were resistance to 30 mcg/disc gentamycin. (20%) Bacillus, (37%) Rhizobium, (17%) 
Pseudomonas and (22%) Azotobacter strains were resistance to 30 mcg/disc methicillin, 
(20%) Bacillus, (25%) Rhizobium, (33%) Pseudomonas and (33%) Azotobacter strains 
were resistance to 100 mcg/disc nitrofurantoin, (40%) Bacillus, (50%) Rhizobium, (83%) 
Pseudomonas and (33%) Azotobacter strains were resistance to 30 mcg/disc novobiocin, 
Bacillus and Pseudomonas strains were not resistance to 300 meg/disc polymyxin B, 
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while (37%) Rhi:obium and (22%) Azotobacter strains were resistance to 300 mcg/disc 
polymyxin B. (60%) Bacillus, (50%) Rhi:obium, (67%) Pseudomonas and (78%) 
Arotobacter strains were resistant to 25 mcg/disc streptomycin. Among all the single 
metal treatments cadmium was found to be the most phytotoxic and significantly (P<0.05 
and 0.01) reduced the plant growth at all three concentrations among all the doses. 
Maximum reduction in root length at concentration 2.Ox (26.48mg/kg soil) was recorded 
as (82.52%) after 60 days, (79.14%) after 90 days and (74.28%) after 135 days of sowing 
respectively, as compared to control. The maximum reduction in shoot length was 
recorded as (89.83%) after 60 days, (85.33%) after 90 days and (80.39%) after 135 days 
of sowing respectively as compared to control. Reduction in dry matter of roots was 
recorded highest with cadmium after 60 days (97.60%), after 90 days (94.56%), after 135 
days (94.68°/0) as compared to control. Shoot dry matter was lowest with cadmium after 
60 days (54.33°/o), after 90 days (53.35 %) and after 135 days (57.65 %) as compared to 
control. Chromium was found to be the least phytotoxic among all the metal treatments 
as minimum reduction in the plant growth was recorded at all the three concentration. 
Minimum reduction in root length at concentration 2.Ox (60.52 mg/kg soil) was recorded 
as 65.04% after 60 days. 66.49% after 90 days, and 55.90% after 135 days respectively 
as compared to control. Minimum reduction in shoot length was recorded as (46.1 1 %) 
after 60 days, (47.15%) after 90 days and (45.81 %), at 135 days as compared to control. 
Reduction in dry root matter was calculated lowest as (41.60%) after 60 days, (59.90%) 
after 90 days (77%) and 135 days respectively as compared to control. Minimum dry 
shoot matter reduction after 60 days was calculated as (12.76%), after 90 days (17.78%), 
and after 135 days 26.27°% respectively as compared to control. In leguminous plants, the 
dry weight of nodules varied inversely with the concentration of metals used, Cd causing 
the greater effect compared to other metals used in the study. Nodulation was invariably 
observed in both the leguminous crops at all the three concentrations. The effect of heavy 
metal on the nodulation of plant differed at different metal treatment at 60, 90 and 135 
days. A maximum reduction on the number of nodules at concentration 2.Ox (26.48mg/kg 
soil) was recorded as (95.60%) after 60 days, (92.89°/o) after 90 days, (87.39%) after 135 
days respectively in nodule number as compared to control. At concentration 2.Ox the 
maximum reduction of nodules dry weight in roots after 60 days was recorded as 
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(87.39%), after 90 days (82.23%), after 135 days (85.31%) as compared to control. 
Chromium was found to be the least phytotoxic and significantly at (P50.05 and 0.01) 
among all the single metal treatments increased the plant nodules at all the three 
concentration among the all dose. There is minimum reduction in nodule number at 
concentration 2.Ox (60.52 mg/kg soil) after 60 days was recorded as (82.27%), after 90 
days (77.15%), after 135 days (70.87%) in nodule number as compared to control. The 
number of nodules per plant decreased considerably with metals at both the stages of 
plant growth and was greatly influenced by the concentration of metals applied. A 
minimum reduction on nodules dry weight of the plant after 60 days was recorded as 
(56.02%), after 90 days (46.12%), after 135 days as (43.15%) as compared to control_ 
The nitrogen content in root was significantly decreased in metal-treated plants of 
chickpea. Percent nitrogen of root varied inversely with the amount of metals added, 
cadmium causing the greatest effect comparison to other single metals added. The 
percent nitrogen in root of chickpea was reduced at three concentrations at 2.Ox 
(26.48mg/kg soil) at 60 days. (94.16%), (92%) at 90 days, (91.09%) at 135 days 
respectively as compared to control. The percent nitrogen in shoot of chickpea was 
reduced at concentration 2.Ox (26.48mg,kg soil) was (93.99%) at 60 days, (90.60%), at 
90 days at 135 days (88.65%) respectively as compared to control. Chromium was found 
to he the least phytotoxic and significantly at (P<0.05 and 0.01) among all the single 
metal treatments increased the percentage of nitrogen of root and shoot at all the three 
concentration among the all dose. A minimum reduction in root of chickpea at three 
concentrations at 2.Ox (60.52 mg/kg soil) after 60 days (78.73%), after 90 days 
(67.40%), and after 135 days (64.88%) as compared to control. Reduction in percent 
nitrogen of shoot varied inversely with the amount of metals added, chromium causing 
the least effect in comparison to other single metals added. Among all the single metal 
treatments chromium was found to he the least phytotoxic and reduced the percent 
nitrogen of shoot of the crop chickpea at 60 days was found to be (73.17%), at 90 days 
63.S8%, at 135 days 64.02% in shoot as compared to control. The effect of single heavy 
metal and heavy metal mixtures on chlorophyll content declines with increasing 
concentration of metals. A gradual and significant reduction in the total chlorophyll 
content occurred in the plants treated with cadmium at three different concentrations at 
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2.Ox (26.48mg/kg soil) 51.61% after 90 days as compared to control. Chromium was 
found to be the least phytotoxic and significantly (P<0.05 and 0.01) reduced the 
chlorophyll content among all the single metal treatments and decreased the chlorophyll 
at all the three concentrations among the all dose. The minimum reduction of chlorophyll 
at 2.Ox (60.52mg/kg soil) was 11.83%. respectively over control. Cadmium was 
comparatively more inhibitory than other single metal for chlorophyll. A gradual and 
significant reduction in the leghaemoglobin content occurred in the plants treated with 
cadmium at concentration of metal, at 2.Ox (26.48mg/kg soil) 92.68% after 90 days in 
compared to control. Chromium was found to be the least phytotoxic and significantly 
(P<0.05 and 0.01) reduced the leghaemoglobin content among all the single metal 
treatments and decreased the leghaemoglobin at all the three concentration among the all 
dose. In contrast the leghaemoglobin content increased significantly at concentrations 
0.5x, 1.Ox and 2.Ox of metal. The minimum reduction of leghaemoglobin at concentration 
2.Ox (60.52 mg/kg soil) was 68.29%, over control. Seed yield decreased consistently for 
each metals, used either singly or in combination but was only significantly, (P<0.05) 
reduced at double the normal concentration of all metals. Among the single metal 
treatment cadmium was comparatively more inhibitory than other single metal treatment. 
A gradual and significant reduction in the seed yield of content the plants treated with 
cadmium three concentration of metal at 2.Ox (26.48mg/kg soil)was found to be, 89.76% 
respectively in comparison to control. Chromium was found to be the least phytotoxic 
and significantly (P<0.05 and 0.01) among all the single metal treatments increased the 
seed yield at all the three concentration 0.5x, 1.Ox and 2.Ox among the all dose. In 
contrast the seed yield increased significantly at 0.5x, 1.Ox and 2.Ox concentrations of 
metal. The minimum reduction at 2.Ox (60.52 mg/kg soil) 61.41%, respectively over 
control. Data indicates that heavy metal treatment under different concentrations resulted 
in decreased protein content in grains with Cr recording the highest protein content in 
grains compared to other metals. Reduction of protein was found on Cd treated which 
was significantly lower in metal treated grains compared with the control. The effect of 
three doses of single, double triple metal treatments on protein was variable. Among all 
the single metal treatments cadmium was found to he the most phytotoxic and 
significantly at (P<0.05 and 0.01) reduced the protein in plant at all the three 
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concentrations among the all dose. A maximum reduction at concentration 2.Ox 
(26.48mg/kg soil) was 75.00% in comparison to control. Among all the single metal 
treatments chromium was found to be the least phytotoxic and significantly (P<0.05 and 
0.01) increased the protein at all the three concentrations among the all dose. In contrast 
the protein increased significantly at concentration 2.Ox (60.52 mg/kg soil) it was 15.12% 
over control. The control showed 83.33% germination in chickpea (Cicer arietinum L.). 
Seed germination decreased with an increase in concentration of the metals. The 
maximum decrease in germination was observed at the highest concentration of all the 
metals. In case of zinc, nickel, lead, chromium and cadmium treatments, the maximum 
inhibitory effect on germination (33.33, 33.33, 50, 33.33 and 00.00 %) was observed at 
100ppm in chickpea. The minimum inhibition of Zn. Ni. Pb, Cr and Cd treatments 
(83.33, 66.66, 83.33, 83.33 and 50%) was recorded at 20ppm. In general, germination 
was affected in when the concentrations of all the treatments increases in the chickpea. 
Persual of the data clearly indicates that though chromium appears to be the least toxic 
metal, it also led to substantial loses 44.51% in yield of chickpea at lx concentration. 
Result in, show that the dry weight of chickpea were reduced by 83.13% by Cd, 59.51%, 
by Pb, 70.17%, by Ni, 69.351,,' by Zn, 47.26% by Cr at 0.5x concentration in roots. By 
comparison, roots of chickpea treated with Cd at 2 x concentration showed a larger grade 
of (GGI). In shoots loses 41.01% in yield of chickpea at lx concentration of chromium. 
Result in show that the dry weight of chickpea were reduced by 66.22% by Cd, 46.87% 
by Pb, 59.90% by Ni, 51.37% by Zn, 43.18% by Cr at 0.5x concentration in shoots. By 
comparison, shoots of chickpea treated with Cd at 2x concentration showed a larger grade 
of (GGI). In this experiment chromium-reducing and plant growth promoting 
Mesorhi:obium strain RC3 was used to assess its bioremediation potential in pot house 
conditions using chickpea as a test legume crop. Generally, the growth and nodulation 
decreased progressively with increasing concentration of Cr (VI). Among the three 
concentration of Cr (VI), Cr (VI) at 60.52mg/kg soil had the largest toxic effects and 
significantly (P<0.05 and 0.01) decreased root length 66.49%, shoot length 47.15%, 
nodule numbers 77.15% and nodule dry weight 45.83%, at 90 days, root length 55.90%, 
shoot length 45.81%. at 135 day as compared to the control. In comparison when, 
Mesorhi:obium strain RC3 was also added, it increased the root length, 10.87%, shoot 
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length 12.38%, nodule numbers 6.64%, nodule dry weight 13.78% at 90 days 
respectively, root length 7. 18"%, shoot length 9.22% respectively at 135 days as compared 
to control. Chlorophyll and leghaemoglobin content measured decreased consistently 
with increasing concentrations of chromium without the inoculation of strain RC3. 
Chromium at 60.52 mg/kg was the most toxic and decreased the chlorophyll and 
leghaemoglobin by 11.83. 67.30% as compared to control. In comparison, the 
bioinoculant showed a maximum increase in the chlorophyll and leghaemoglobin content 
of 6.83% and 9.47%. respectively, at 60.52 mg Cr ;kg soil compared to control. Seed 
yield and grain protein, decreased consistently with increasing concentrations of 
chromium without the inoculation of strain RC3. Chromium at 60.52 mg/kg was the most 
toxic and decreased the seed yield and grain protein by 61.42. 15.12% as compared to 
control. In comparison, the hiornoculant showed a maximum increase in the seed yield 
and protein content of 27.45% and 16.83%, respectively, at 60.52 mg Cr /kg soil 
compared to control. In this experiment chromium-reducing and plant growth promoting 
Bacillus strain BC5 was used to assess its bioremediation potential in pot house 
conditions using chickpea as a test legume crop. The chickpea plants grew poorly when 
the soil was amended with Cr. Generally, the growth and nodulation decreased 
progressively with increasing concentration of Cr (VI). Among the three concentration of 
Cr (VI). Cr (VI) at 60.52 mg/kg soil had the largest toxic effects and significantly 
(P<0.05 and 0.01) decreased root length 66.49%, shoot length 47.15%, nodule numbers 
77.15% and nodule dry weight 45.83, at 90 days, root length 55.90%, shoot length 
45.82%, at 135 day as compared to the control. In comparison when, Bacillus strain BC5 
was also added, it increased the root length, 10.84%, shoot length 7.57%, nodule numbers 
19.50%. nodule dry weight 15.62% at 90 days respectively, root length 16.41%, shoot 
length 7.81% respectively at 135 days as compared to control. Chlorophyll and 
leghaemoglobin content measured decreased consistently with increasing concentrations 
of chromium without the inoculation of strain BC5. The bioinoculant showed a maximum 
increase in the chlorophyll and leghaemoglobin content of 7.07% and 6.06%, 
respectively, at 60.52 mg Cr /kg soil compared to control. Seed yield and grain protein, 
decreased consistently with increasing concentrations of chromium without the 
inoculation of strain BC5. The bioinoculant showed a maximum increase in the seed 
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yield and protein content of 28.43% and 1 1.18%, respectively, at 60.52 mg Cr /kg soil 
compared to control. The effect of heavy metal on pigeonpea crop grown in unsterilized 
pot soil was variable and metal concentration dependent. Among all the single metal 
treatments cadmium was found to be the most phytotoxic and significantly at (P<0.05 and 
0.01) reduced the plant growth at all the three concentration among the all dose. 
Maximum reduction at 2.Ox (26.48mg/kg soil) was found to be (76.31 %) after 60 days, 
(73.40%) after 80 days and 69.58% reduction at 110 days, in root length as compared to 
control. Reduction in shoot length was recorded as (84.16%) after 60 days. (81.49 %) 
after 80 days 79.53% at 110 days as compared to control. Reduction in dry matter of 
pigeonpea plant in root was found to be after 60 days (78.96%), after 80 days (79.95%), 
after 110 days (74.1 1%) as compared to control. The shoot dry matter was reduced to 
(94.34%) after 60 days (82.68%), after 80 days (83.06 %) after 110 days. Chromium was 
found to be least phytotoxic and significantly (P<0.05 and 0.01) among all the single 
metal treatments and increased the plant growth at all the three concentration as 
compared to other treatments. A minimum reduction in root length at concentration 2.Ox 
(60.52 mg/kg soil) was found to be (52.30%) after 60 days, (55.82%) after 80 days, 
(44.44%) after 110 days respectively as compared to control. Reduction in shoot length 
was recorded as (29.20%) after 60 days, (28.26%) after 80 days and (34.00%) after 110 
days as compared to control. Reduction in dry matter of pigeonpea plant in root was 
recorded as at concentration 2.Ox (60.52 mg/kg soil) after 60 days as (48.72%), after 80 
days as (53.30%), after 110 days as (46.70%) as compared to control. In shoot dry matter 
reduction at 60 days was (60.27%), after 80 days was (52.30%), after 110 days was 
(53.82%) compared to control. In both the leguminous plants, the dry weight of nodules 
varied inversely with the concentration of metals used, Cd causing the greater effect 
compared to other metals used in the study. The effect of heavy metal on the nodulation 
of plant differed at different metal treatment at 60, 80 and 110 days. A maximum 
reduction on nodules number of the plant at three concentrations at 2.Ox (26.48mg/kg 
soil) (95.78%) after 60 days was recorded as, (89.41%) after 80 days, (84.97%) after 110 
days in nodule number as compared to control. A maximum reduction on nodules dry 
weight of the plant at 60 days 90.55% at 80 days 85.65%, at 1.10  days 83% as compared 
to control. Chromium was found to be the least phytotoxic and significantly after (P:50.05 
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and 0.01) among all the single metal treatments increased the plant nodules at all the 
three concentration among the all dose. A minimum reduction at three concentrations at 
2.Ox (60.52 mg/kg soil) at 60 days was recorded as (80.85%), after 80 days (69.73%), 
after 110 days (63.46%) respectively in nodule number as compared to control. A 
minimum reduction on nodules dry weight of the plant after 60 days was recorded as 
(81.75%), after 80 days (75.21%), after 110 days (67.94%) as compared to control. The 
nitrogen content in root was significantly decreased in metal-treated plant of pigeonpea. 
Percent nitrogen of root varied inversely with the amount of metals added, cadmium 
causing the greatest effect comparison to other single metals added. The percent nitrogen 
in root of pigeonpea was reduced at three concentrations at 2.Ox (26.48mg/kg soil) was 
(84.58°'o) at 60 days. (81.33"0), at 80 days (79.93%), at 110 days respectively as 
compared to control. Among all the single metal treatments cadmium was found to be the 
most phytotoxic and reduced the percent nitrogen of shoot of the crop pigeonpea at 60 
days, to 80.10 %. 68.80 % at 80 days, 74.02 % at l t 0 days respectively as compared to 
control. Chromium was found to be the least phytotoxic and significantly at (P<0.05 and 
0.01). Among all the single metal treatments increased the percentage of nitrogen of root 
and shoot at all the three concentration among the all dose. A minimum reduction at 
concentration 2.Ox (60.52 mg/kg soil) at 60 days was found to be (68.1 1%), at 80 days , 
62.11%, at 110 days 65.58% in root as compared to control. Reduction in percent 
nitrogen of shoot varied inversely with the amount of metals added, chromium causing 
the least effect in comparison to other single metals added. Among all the single metal 
treatments chromium was found to be the least phytotoxic and reduced the percent 
nitrogen of shoot of the crop pigeonpea after 60 days (59.95%), after 80 days (60.65%), 
and after 110 days (64.76%) as compared to control. The effect of single heavy metal and 
heavy metal mixtures on chlorophyll content, which declined with increasing 
concentration of metals. A gradual and significant reduction in the total chlorophyll 
content occurred in the plants treated with cadmium concentration of metal at 2.Ox 
(26.48mg/kg soil) 2.Ox (26.48mg/kg soil) 92.18% over control. Cadmium was 
comparatively more inhibitory than other single metal for chlorophyll. Seed yield 
decreased consistently for each metals, used either singly or in combination but was only 
significantly (P<0.05) reduced at double the normal concentration of all metals. Among 
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the single metal treatment cadmium was comparatively more inhibitory than other single 
metal treatment. A gradual and significant reduction in the seed yield of content the 
plants treated with cadmium three concentration of metal at 2.Ox (26.48mg/kg soil) was 
recorded as 84.78°%o in comparison to control. Chromium was found to be the least 
phytotoxic and significantly at (P<0.05 and 0.01) among all the single metal treatments 
increased the seed yield at all the three concentration among the all dose. The minimum 
reduction at concentration 2.Ox (60.52mg~kg soil) was 47.82%, respectively over control. 
Data indicates that heavy metal treatment under different concentrations resulted in 
decreased protein content in grains with Cr recording the highest protein content in 
grains, significantly reduction of protein were found on Cd treated plants The protein 
content was significantly lower in metal treated grains compared with the control. The 
effect of three doses of single, double triple metal treatments on protein was variable. 
Among all the single metal treatments cadmium was tbund to be the most phytotoxic and 
significantly at (P<0.05 and 0.01) reduced the protein in plant at the all three 
concentrations among the all close. A maximum reduction at concentration 2.Ox 
(26.48mg/kg soil) was 66.51% in comparison to control. Among all the single metal 
treatments chromium was found to be the least phytotoxic and significantly (P<0.05 and 
0.01) increased the protein at all the three concentrations among the all dose. The 
minimum reduction at 2.Ox (60.52 mgrkg soil) it was 17.87% over control. In this 
experiment chromium-reducing and plant growth promoting Rhiobium strain RP2 was 
used to assess its bioremediation potential in pot house conditions using pigeonpea as a 
test legume crop. In comparison when, Rhizobium strain RP2 was also added, it increased 
the root length, 4.00%, shoot length 3.16%, nodule numbers 11.69%, nodule dry weight 
5.62% at 80 days respectively, root length 6.13%, shoot length 2.38% respectively at 110 
days as compared to control. The inoculant strain protected the plants from Cr toxicity 
possibly through the soluble chromate reductase or by providing plants with the sufficient 
amounts of growth-promoting substances. The inoculant strain reduced the Cr uptake by 
plant organs. In conclusion, the strain RP2 showed a potential for Cr (VI) reduction, 
produced plant growth-promoting substances under Cr stress and enhanced the growth 
and yield of pigeonpea, both in Cr stress and Cr free conditions. Due to the multifarious 
activity, the strain RP2 could therefore, be utilized for growth promotion as well as for 
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the bioremediation of Cr polluted soil. Chlorophyll content measured decreased 
consistently with increasing concentrations of chromium without the inoculation of strain 
RP2. Chromium at 60.52 mg/kg was the most toxic and decreased the chlorophyll and by 
63.89°'° as compared to control. In comparison, the bioinoculant showed a maximum 
increase in the chlorophyll content of 8.4l%,  at 60.52 mg Cr /kg soil compared to 
control. Seed yield and grain protein, decreased consistently with increasing 
concentrations of chromium without the inoculation of strain RP2. Chromium at 60.52 
mg-kg was the most toxic and decreased the seed yield and grain protein by 48.94 and 
17.86°,% as compared to control. In comparison, the bioinoculant showed a maximum 
increase in the seed yield and protein content of 8.27% and 16.42%, respectively, at 
60.52 mg Cr/kg soil compared to control. In this experiment chromium-reducing and 
plant growth promoting Bacillus strain BP7 was used to assess its bioremediation 
potential in pot house conditions using pigeonpea as a test legume crop. In comparison 
when. Bacillus strain BP7 was also added, it increased the root length, 7.69%, shoot 
length 3.80%. nodule numbers 16.31%. nodule dry weight 6.25% at 80 days respectively, 
root length 8.67%. shoot length 2.52°%o respectively at 110 days as compared to control. 
The inoculant strain reduced the Cr uptake by plant organs. In conclusion, the strain BP7 
showed a potential for Cr (VI) reduction, produced plant growth-promoting substances 
under Cr stress and enhanced the growth and yield of pigeonpea, both in Cr stress and Cr 
free conditions. Due to the multifarious activity, the strain BC5 could therefore, be 
utilized for growth promotion as well as for the bioremediation of Cr polluted soil. 
Chlorophyll content measured decreased consistently with increasing concentrations of 
chromium without the inoculation of strain BP7. Chromium at 60.52 mg/kg was the most 
toxic and decreased the chlorophyll by 63.89°/o as compared to control. In comparison, 
the bioinoculant showed a maximum increase in the chlorophyll content of 6.30%, at 
60.52 mg Cr !kg soil compared to control. Seed yield and grain protein, decreased 
consistently with increasing concentrations of chromium without the inoculation of strain 
BP7. In comparison, the hioinoculant showed a maximum increase in the seed yield and 
protein content of 7.18% and 13.00%, respectively, at 60.52 mg Cr /kg soil compared to 
control. 
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